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Abstract

Objectives - To objectively measure the amount of intensity-specific physical activity by
gender and age with respect to body mass index (BMI) during workdays and days off among

Finnish employees.
Design — A cross-sectional study.
Setting — Primary care occupational health care units.

Participants - A sample of 9554 Finnish employees (4221 men and 5333 women; age range
18-65 years; BMI range 18.5-40.0 kg/m?) who participated in health assessments related to

occupational health promotion.

Main outcome measurements — The amount of moderate-to-vigorous (MVPA) and vigorous
(VPA) physical activity (=3 and >6 metabolic equivalents, respectively) was assessed by
estimating minute-to-minute oxygen consumption from the recorded beat-to-beat R-R
interval data. The estimation method used heart rate, respiration rate, and on/off response
information from R-R interval data calibrated by age, gender, height, weight, and self-
reported physical activity class. The proportion of participants fulfilling the physical activity
recommendation of >150 minutes/week was calculated on the basis of >10-minute bouts,

multiplying VPA minutes by 2.

Results — Both MVPA and VPA were higher among men and during days off, and decreased
with increasing age and BMI (P<0.001 for all). Similar results were observed when the
probability of having a bout of MVPA or VPA lasting continuously for >10 minutes per
measurement day was studied. The total amount of VPA was very low among overweight
(mean <2.6 minutes/day), obese (mean <0.6 minutes/day), and all 51 to 65-year-old (mean

<2.5 minutes/day) women during both types of days. The proportion of participants fulfilling
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the physical activity recommendation was highest for normal weight men (65%; 95% CI 62

to 67%) and lowest for obese women (10%; 95% CI 8 to 12%).

Conclusions — Objectively measured physical activity is higher among men and during days

©CoO~NOUTA,WNPE

off and decreases with increasing age and BMI. The amount of VPA is very low among

13 obese, overweight, and older women.
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Strengths and limitations of this study

Using novel validated methodology, our study provides accurate data on intensity-
specific physical activity in a large sample of working age individuals, with detailed
associations between intensity-specific physical activity and gender, age, body mass
index (BMI), and the type of day (workday vs. day off) and their interactions.

We found that higher BMI and higher age decrease the likelihood of participating in
moderate-to-vigorous and vigorous physical activity, and BMI affects older
participants more than younger participants.

A very low proportion of obese (particularly women) participants met the physical
activity recommendation, and the amount of vigorous physical activity is very low in
this subgroup.

The study sample was not a random sample from the population, but a ‘real life’
clinical sample of employees who participated in preventive occupational health care.
Our recordings usually covered some typical workdays and days off, a longer

recording may be more valid than the duration used in our study.
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Introduction

Epidemiological evidence, studies on underlying mechanisms, and intervention studies
suggest that physical activity plays an important role in the prevention of body fat
accumulation and type 2 diabetes.'” To achieve these health benefits, according to recent
recommendations, moderate intensity physical activity should be performed for at least 150
minutes or vigorous physical activity at least 75 minutes per week.’ ¢’ However, accurately
recording the amount and intensity of physical activity with regard to both physical activity-
related energy requirements and cardio-respiratory loading is challenging.8 ’ Objective
information is usually obtained by heart rate (HR) monitors or motion sensors, such as
accelerometers.'® Existing data suggest that, among obese individuals, the amount of
vigorous physical activity is low compared to current recommendations.” "> However,
estimating the cardio-respiratory loading of physical activity among obese and/or unfit

individuals is difficult using accelerometers or other motion sensors.

HR monitoring is a common method of assessing the intensity of physical activity in clinical
settings. HR is almost linearly associated with oxygen consumption (VO,) at moderate to
submaximal intensities in steady-state exercise; therefore, it can be used to estimate the
intensity of steady-state physical activity. However, the intensity of real life physical activity
usually changes repeatedly, and the relationship between HR and VO, is curvilinear for very
low intensity physical activities and near maximal exercise; thus, the actual VO, can be over-
or underestimated when using the linear HR-VO, relationship to estimate the actual VO,."*
Continuous measurement of HR variability and experimental calibration of data by age,
gender, weight, height, and self-reported physical activity class was recently shown to

provide accurate estimates of the intensity of physical activity.'” We used such novel
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methodology in this study to estimate the intensity of physical activity in a large sample of

Finnish employees.

The aim of this study was to investigate the amount of physical activity among 9554 Finnish
employees who had participated in continuous beat-to-beat R-R interval (ECG) recordings
during the course of their normal everyday life. More specifically, we investigated the
intensity-specific amount of physical activity by gender and age with respect to body mass
index (BMI) during workdays vs. days off, including hourly distributions of physical activity
throughout the day. This information is an important basis for understanding the cardio-
respiratory loading caused by physical activity and the needs and realistic possibilities for

interventions that increase physical activity.

Methods

Study design and participants

This study is a cross-sectional study investigating the intensity and amount of physical
activity among a clinical sample of 9554 Finnish employees (4221 men and 5333 women;
age range 18-65 years; BMI range 18.5-40.0 kg/mz) who participated in preventive
occupational health care provided by their employers during the years 2007-2013 (Figure 1).
The participants non-selectively represent a wide range of non-manual and manual labor
employees and, thus, a cross-section of typical Finnish employees. As a part of these health
care programs, participants performed continuous beat-to-beat R-R interval recordings in the
course of their normal everyday life as described below. The clinical purpose of these
recordings was to assess the intensity and amount of physical activity (reported in this paper)

and other R-R interval -derived information such as the amount of stress and recovery16 (not

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 7 of 39

©CoO~NOUTA,WNPE

BMJ Open

reported in this paper) during workdays and days off. To acquire these so-called Lifestyle
Assessment results, the R-R interval data were analyzed using Firstbeat Analysis Server
software (Firstbeat Technologies Ltd, Jyviskyld, Finland). On the basis of the results, the
participants received personal feedback and recommendations for maintaining or improving

their health and wellbeing.

The majority of the participants in this study were apparently healthy. The exclusion criteria
for participation in the R-R interval recordings represented by the analysis software
manufacturer were: chronic rhythm disturbance, cardiac pacemaker or transplant, left bundle
branch block, severe cardiac disease (e.g., symptomatic coronary heart disease, heart failure),
very high blood pressure (>180/100 mmHg), type 1 or 2 diabetes with autonomic neuropathy,
hyperthyreosis or other disturbances of the thyroid gland leading to a resting HR >80 bpm,
severe neurological disease (e.g., advanced multiple sclerosis or Parkinson’s disease), fever
or other acute disease, and BMI >40.0 kg/m”. Cases of milder/early disease stages and some
medications may affect R-R intervals or physical activity levels. The inclusion/exclusion of
these participants from the R-R interval recordings was evaluated on a case-by-case basis in

the occupational health care programs.

The data obtained from these R-R interval recordings were analyzed and anonymously stored
in a database administered by the software manufacturer (Firstbeat Technologies Ltd).
Firstbeat Technologies Ltd and each service provider (e.g., occupational health care unit)
who conducted the recordings for employees (participants) signed an agreement providing
Firstbeat Technologies Ltd the right to store the data in an anonymized form and to use it for
development and research purposes with a statement that employers must inform their
employees about its use. According to the agreement, Firstbeat Technologies Ltd extracted an

anonymous data file from the registry for the present research purposes.
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Physical activity assessment

The ambulatory beat-to-beat R-R interval data used to calculate the intensity and amount of
physical activity were recorded during the course of normal everyday life, usually over 3
days (typically including two workdays and one day off), using the Firstbeat Bodyguard
device (Firstbeat Technologies Ltd). Data from the measurements were analyzed using
Firstbeat Analysis Server software (version 5.6.0.3, Firstbeat Technologies Ltd). To be
included in the analyses (Figure 1), a participant had to have a measurement period including
at least one workday and one day off. We included a workday or a day off in the analysis if
the measurement period lasted >16 hours/day. The information about workdays and days off
was obtained from the diaries the participants were asked to fill in during the measurement
period. A day was considered to be a workday if a participant worked >4 hours cumulatively.
The days without any working hours were regarded as days off and the days with work time
< 4 hours were excluded from the analyses. The analyzed data consisted of successfully
recorded (measurement error <15% and <30 minute recording break) workdays and days off

(Figure 1).

Background information included age, gender, self-reported height and weight, and self-
reported physical activity class. '’ '® This information was collected in conjunction with R-R
interval recordings using questionnaires. Background information was used to estimate
maximal HR and maximal VO, which were used in the estimation of VO,. For the statistical
analyses, BMI was calculated from the self-reported weight and height as kilograms per

meters squared.

The intensity and amount of physical activity was estimated based on the R-R interval
recordings.'®** The method was validated previously; the pooled relationship (correlation)

between the measured and predicted VO, across the different activities of daily living was
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0.93 and the estimated VO, explained 87% of the variability in the measured VO,."> The high
validity of this method was achieved by taking into account the R-R interval-derived
information about HR, respiration rate, and on/off response (increasing or decreasing HR)

using neural network modeling of the data and short time Fourier Transform method."**

The participant’s mean VO, for each minute during each measurement day was calculated
from the second-by-second VO, estimations. The minute-by-minute VO, estimations were
then converted to multiples of the resting metabolic rate (METs) by dividing the VO, values
by 3.5. Based on the MET values, the amount of physical activity (minutes/day) at a certain
intensity level was calculated two ways. First, we searched the recordings for single 1-minute
segments in which the intensity reached the following MET thresholds: moderate physical
activity (MPA) 3 to <6 METs, vigorous physical activity (VPA) >6 METs, and moderate-to-
vigorous physical activity (MVPA) >3 METs,’ which are referred to as MPA min, VPA 1min,
and MVPA i, later in the text. The total number of 1-minute segments above the given
thresholds during each measurement day was then calculated. These calculations were
performed separately for workdays and days off. If a participant’s measurement period
included two or more workdays (or days off), an average was calculated. Second, because the
recommendation for health-enhancing physical activity suggests that the duration of a bout of
aerobic activity should be 10 continuous minutes or longer,” ®” we utilized this in our
calculations for different intensity categories, which are referred to as MPA 1omin, VPA10min,
and MVPA |omin later in the text. In this case, we calculated the total number of 1-minute
segments above the given intensity thresholds during each measurement day using only the
bouts of physical activity that lasted continuously for >10 minutes. The consecutive 1-minute
segments had to be above the given intensity thresholds for at least 10 minutes, except for

one 1-minute segment, which was allowed to be less than the given threshold. Otherwise the
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calculations were performed using the same principles as described above for single 1-minute

segments.
Analysis

Data processing and statistical analysis were performed using MATLAB version R2013b
(The MathWorks Inc., Natick, Massachusetts, U.S.A.) and R version 3.0.2 (The R
Foundation for Statistical Computing, Vienna, Austria). All P values were two-sided and

P<0.05 was considered statistically significant.

We calculated means, standard deviations, and medians for continuous variables and
frequencies and proportions for categorical variables. We categorized the amount of MVPA
and VPA into four categories (0, >0 to 15, >15 to 30 and >30 min) and calculated the
distribution of participants in these categories by gender and type of day (i.e., workdays vs.
days off). We also calculated the amount of MVPA and VPA by gender and type of day for
different age categories (18-30, 31-40, 41-50, and 51-65 years) and BMI categories (normal
weight 18.5 to <25.0 kg/m?, overweight 25.0 to <30.0 kg/m”, and obese 30.0 to 40.0 kg/m?).
The amount of MVPA and VPA during the workdays and days off were compared by gender
inside each age and BMI category using the Wilcoxon two-sample paired signed rank test.
The test assessed whether the differences in the amount of MVPA and VPA between each
participant’s workdays and days off came from a distribution with a median of zero.
Differences in the amount of MVPA and VPA between age categories and between BMI
categories were analyzed using the Kruskal-Wallis test. To describe the temporal distribution
of physical activity, we calculated the amount of MVPA and VPA in each hour (e.g., from 9
am to 10 am, from 10 am to 11 am, etc.) during the day by gender, BMI category, and type of

day. For illustrative reasons, the means are shown in all figures instead of medians.
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The probability of having at least one 10-minute bout of MVPA or VPA per measurement
day (binary outcome; yes vs. no) was modeled using a generalized linear mixed effects
regression (procedure glmer with Laplace approximation in R). Each participant was
incorporated as a random effect, and fixed effects included age and BMI as continuous
variables and gender and type of day as binary variables. In the modeling, we also included
all of the possible two-way interactions among these four variables. We also used linear
mixed effects regression (procedure fit/me with maximum likelihood estimation in
MATLAB) to predict the amount of MVPA i, and VPA . In this case, each participant
was incorporated as a random effect and fixed effects included age, BMI, gender, and type of
day. The baselines for age (minimum 18) and BMI (minimum 18.5) were subtracted from age

and BMI data, respectively, before regression calculations.

We also investigated how participants fulfill the physical activity recommendations of
moderate intensity physical activity at least 150 minutes per week or vigorous physical
activity at least 75 minutes per week as measured from >10-minute bouts of activity.’ First,
we calculated the activity minutes score for each day (MPA minutes + VPA minutes x 2) and
then extrapolated the amount of physical activity using the following formula: Weekly
physical activity = (5 x mean workday activity score) + (2 x mean day off activity score).
This calculation was performed with only the bouts of physical activity lasting continuously

for >10 minutes as recommended, * and then with all >1-minute bouts.

Results

Most of the R-R-interval recordings were from 3 days (7685 participants); there were 1394,
319, 119, and 37 participants who had two, four, five, and six measurement days,

respectively. Altogether, the number of analyzed days was 17020 for workdays and 10916 for
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days off. The mean (SD) age of the participants was 44.8 (9.7) years [men 44.7 (9.7); women

44.9 (9.7)] and the mean (SD) BMI was 26.1 (4.1) kg/m2 [men 26.7 (3.5); women 25.7 (4.4)].

Table 1 shows the distributions of participants into the MVPA and VPA categories by
workdays and days off among the 4221 men and 5333 women who participated in this study.
For more than 60% of men and approximately 40% of women, the amount of MVPA | i, was
more than 30 minutes per day, regardless of the type of day, whereas 11% (workdays) and
18% (days off) of men and 4% (workdays) and 8% (days off) of women had VPA |, for
more than 30 minutes per day. All these percentages were clearly lower for MVPA gmin and

VPA 10min-

Figure 2 and Table 2 show the amount of MVPA and VPA by age, gender, and the type of
day. The amount of MVPA and VPA decreased with advancing age, especially among
women. Among men aged 31 years and older, the amounts of MVPA i, MVPA omin,

VPA min, and VPA jomin Were greater during days off than during workdays. Among younger
women (18-40 years), the amount of MVPA i, was lower during days off compared to
working days, whereas the amount of MVPA i, was higher during days off among older

women (41-65 years). Other clear trends were not observed among women.

Figure 3 and Table 3 show the amount of MVPA and VPA by weight status, gender, and the
type of day. Obese participants had less MVPA and VPA than normal weight and overweight
participants, especially women. The mean amount of VPA,;, was approximately 0.5 minutes
per day among obese women, for both workdays and days off. Among obese men, the mean
amount of VPA i, was 5.0 minutes during workdays and 6.1 minutes during days off. The
mean amount of VPA i, was also low among overweight women (~2.5 minutes per day for
both workdays and days off). Among normal weight and overweight men, the amount of

MVPA 1 min, MVPA 0min, VPA1min, and VPA omin were all greater during days off than
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workdays, but these differences were not observed among obese men. The corresponding
results for women were more complex. Normal weight and overweight women had more
MVPA omin during days off than during workdays. However, the amount of MVPA i, was
similar between the types of days. On the other hand, obese women had a lower amount of
MVPA | min during days off than workdays, but the amount of MVPA gmin Was similar between
the types of day. Differences between workdays and days off with regard to VPA were

observed for normal weight women; VPA omin was higher during days off than workdays.

Hourly distributions of MVPA and VPA by gender, weight status, and type of day are shown
in Figure 4. The largest amounts of MVPA during workdays occurred at 7-8 am and 5-7 pm.
During days off, the largest amounts of MVPA were distributed evenly between 10 am and 6
pm. The respective VPA profiles resemble those of MVPA. During workdays, a small peak
occurred at 7-8 am, but the greatest amount of VPA was clearly seen at 5-8 pm. The greatest
amount of VPA during days off occurred between 10 am and 8 pm. For both genders, the

amount of MVPA and VPA during workdays and days off decreased with increasing BMI.

When age, gender, BMI, and the type of day were included in the linear mixed effects
regression models as predictors of the amount of MVPA i, or VPA iy (Table 4), the
predictors associated with both outcome measures in similar manners. The amount of

MVPA |min and VPA | hin decreased with increasing age and increasing BMI. The amounts of
MVPA | min and VPA | in were higher among men compared to women and higher during days
off than during workdays (P<0.001 for all). Similar results were observed when we studied
the probability of having a bout of MVPA or VPA (per measurement day) that lasted
continuously for >10 minutes (Table 5). The probability was higher among men and during

days off, and it decreased with increasing age and increasing BMI (P<0.001 for all).
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We also performed multivariate analysis for the probability of having a bout of MVPA or
VPA lasting continuously for >10 minutes including two-way interactions between age,
gender, BMI, and the type of day (Table 5). Many statistically significant interactions were
observed between these variables. Both higher BMI and higher age decreased the likelihood
of participating in MVPA or VPA, but BMI affected older participants more than younger
participants. In addition, women were more affected by higher age or higher BMI than men.
With increasing age, the probability of MVPA or VPA increased for days off compared to
workdays. With increasing BMI, the probability of MVPA and VPA increased for workdays

compared to days off.

The percentages of participants (by gender and weight status) who fulfilled the physical
activity recommendations are provided in Figure 5 and Table 6. The proportion of
participants fulfilling the recommendations decreased with increasing BMI for both men and
women. The same was true when the weekly physical activity was calculated including all
>1-minute bouts. Men fulfilled the recommendations better than women. The proportion
fulfilling the recommendations was highest among normal weight men (64.9%, 95% CI 62.4
to 67.3 when >10-minute bouts were included in the calculation and 88.6%, 95% CI 86.8 to
90.1 when >1-minute bouts were included) and lowest among obese women (10.3%, 95% CI

8.4 to 12.4 and 23.0%, 95% CI 20.3 to 25.8, respectively).

Discussion

We found that the amount of physical activity decreases with increasing age and increasing
BMI for both genders, but with a deeper decline among women. The amount of VPA was
particularly low among older (51-65 years) and obese and overweight women. Men had more

physical activity than women, and physical activity was more common during days off than
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during workdays, especially among men. The hourly distribution of physical activity clearly
differed between workdays and days off. During workdays, physical activity was most
common early in the morning and right after working hours, whereas physical activity was
distributed more evenly throughout the day during days off. In addition, the proportion of
participants fulfilling the physical activity recommendations decreased with increasing BMI
and was lower for women than for men. Approximately one-third of the obese men and one-

tenth of obese women fulfilled the physical activity recommendations.
Strengths and weaknesses of the study

Our study has several strengths. First, our study sample was very large and included a wide
range of non-manual and manual labor employees. Therefore, this sample can be considered
to represent a cross-section of typical Finnish employees. Second, we used a novel
ambulatory beat-to-beat R-R interval-based method to assess the intensity of physical
activity. This method has been shown to provide more accurate estimates of the intensity of
physical activity than HR information only."” ** Third, we had strict criteria for the inclusion
of recording days (e.g., measurement error <15% and recording break <30 minutes); thus, our
recordings had good coverage of typical workdays and days off. Consequently, we expect
that the values represent our target population well. Nonetheless, our study also has some
weaknesses. Most of the participants were apparently healthy, but some participants with
chronic diseases and/or medications that do not severely affect HR were also included in the
sample of employees. We did not adjust for these conditions in the analysis. In addition, the
study sample was not a random sample from the population, but a ‘real life’ clinical sample
of employees who participated in preventive occupational health care. This can be considered
as either a strength or a weakness depending on the perspective. Our method for assessing
physical activity can differentiate between the intensities of physical activity MET by MET,

but to simplify our presentations, we used cut-off points of >3 and >6 METs to describe
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MVPA and VPA, respectively, as these are used in the physical activity recommendations.’
To accurately assess individual long-term physical activity levels, a longer recording is more
valid than the duration used in our study.” Our recordings usually covered some typical
workdays and days off, as our aim was to obtain recordings covering most of the day without
artifacts. To achieve this goal, stick-on electrodes with wires were used for the collection of
R-R interval data, but in some individuals, the electrodes cause skin irritation that make it

difficult to make long recordings.
Findings in relation to other studies

The majority of previous studies including large study populations used accelerometers or
pedometers for the objective assessment of physical activity. These methods provide rough
estimates of the intensity of physical activity. We used beat-to-beat R-R interval data, which
allows more accurate estimations of the intensity of physical activity, but it also has
limitations when comparing our results to previous results. The age- and BMI-associated
declines in the amount of physical activity observed in our study are in agreement with the
results of the studies using accelerometers.” "> * ** In our study, the amount of VPA was very
low, especially among older women and overweight and obese women, and similar results
have been reported in previous studies that used accelerometers.” '>2* Our results on the clear
difference between workdays and days off in the hourly distribution of physical activity are in
accordance with previous studies."” In addition, we observed that the proportions of
overweight and obese participants fulfilling the physical activity recommendations are lower
than the proportion of normal weight participants. Previous studies obtained similar results
showing that among obese individuals especially the amount of VPA is low compared with
the current recommendation.” ' ' Overall, most of the associations in our study are similar to
previous population-based studies that used accelerometers. However, our method measures

cardio-respiratory loading more directly than the methods based on motion sensors. The
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amount of physical activity calculated from the bouts lasting >10 minutes should be used
when determining who meets the current physical activity recommendations.” We calculated
the amount of MVPA and VPA in two different ways that reflect different aspects of physical
activity. The amount of physical activity calculated from single 1-minute bouts throughout
the measurement period may be considered to reflect daily activities rather than fitness-
enhancing exercise, as this method also takes into account very short bouts of physical
activity, such as climbing stairs. Interestingly, the proportion of participants fulfilling the

recommendation is doubled when shorter bouts are included in the calculation (Table 5).
Meaning of the study: implications for clinicians and policymakers

Increasing physical activity and reducing obesity are both important targets for improving
overall population health, as both obesity and low physical activity are predictors of
mortality.”” According to our study approximately one-third of Finnish working-aged women
and half of working-aged men meet the current recommendations for physical activity. The
proportion is especially low among overweight and obese women and obese men. On the
basis of this and our other observations, the amount of physical activity, especially the
amount of VPA, seems to be very low among overweight and obese individuals, particularly
women. As our study is cross-sectional in nature, it does not show the direction of causality
between physical activity and obesity. However, this evidence shows the vicious cycle
between obesity and physical inactivity.?® The low number of obese individuals meeting the
recommendations and their low starting level (with regard to total amount, duration, and
intensity) should be taken into account when tailoring interventions for increasing physical
activity. For obese individuals, the amount of MPA should be increased first. Among obese
individuals, objectively measured physical activity seems to be low both during leisure and at

work. Thus, both leisure hours and working hours need attention when tailoring activity
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interventions. Overall, the documentation of physical activity levels as a part of routine health

care should be improved.”’
Unanswered questions and future research

In light of our findings, long-term controlled intervention studies are needed to show whether
MPA or VPA as the main component of intervention programs has a better benefit-risk
balance among obese individuals in terms of adherence, weight-control, morbidity, and
mortality. Also, more detailed research is needed on whether short bouts of physical activity
lead to long-term health benefits comparable to longer bouts at the disease-outcome level.
Accurate methods of monitoring physical activity that cover cardio-respiratory loading are
also needed to carry out large-scale studies on these topics and to analyze whether specific
types of short-term activity provide health benefits. Notably, some physical activity is under
the intensity level of 3 METs, which was not taken into account in our current analysis.
Long-term intervention studies on the effects of physical activity with (very) low intensity on

disease outcomes are lacking.
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Table 1 Distributions of participants into moderate-to-vigorous and vigorous physical activity categories according to mean minutes per day on
workdays and days off
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Workdays Days off
0 min >0-15Smin >15-30 min  >30 min 0 min >0-1Smin  >15-30 min  >30 min
11 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
12 Men (n=4221)
13 MVPA | in 91 (2.2) 835(19.8) 706 (16.7) 2589 (61.3) 160 (3.8) 851(20.2) 563 (13.3) 2647 (62.7)
14 MVPA |0min 1345 (31.9) 712(16.9) 802 (19.0) 1362 (32.3) 1535 (36.4) 452 (10.7) 500 (11.8) 1734 (41.1)
15 VPA | min 1544 (36.6) 1571 (37.2) 658 (15.6) 448 (10.6) 1862 (44.1) 1221 (28.9) 391 (9.3) 747 (17.7)
16 VPA | omin 3014 (71.4) 524 (12.4) 441 (10.4) 242 (5.7) 3189 (75.6) 236 (5.6) 292 (6.9) 504 (11.9)
Women (n=5333)
19 MVPA | min 480 (9.0) 1632 (30.6) 1015 (19.0) 2206 (41.4) 838 (15.7) 1612(30.2) 760 (14.3) 2123 (39.8)
20 MVPA | omin 2523 (47.3) 913 (17.1) 864 (16.2) 1033 (19.4) 2999 (56.2) 469 (8.8) 550 (10.3) 1315 (24.7)
21 VPA min 3200 (60.0) 1454 (27.3) 440 (8.3) 239 (4.5) 3651 (68.5) 979 (18.4) 299 (5.6) 404 (7.6)
22 VPA omin 4520 (84.8) 408 (7.7) 294 (5.5) 111 (2.1) 4690 (87.9) 196 (3.7) 169 (3.2) 278 (5.2)
23 MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METSs]) calculated from single 1-minute bouts throughout the
measurement period

26 MVPA omin= moderate-to-vigorous physical activity (=3 METs) calculated from bouts of physical activity lasting continuously for >10 minutes
28 VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period

30 VPA omin=Vigorous physical activity (=6 METs) calculated from bouts of physical activity lasting continuously for >10 minutes
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Table 2 Amount of moderate-to-vigorous and vigorous physical activity during workdays and days off based on age group

©CoO~NOUTA,WNPE

Men Women
n Workdays Days off pP* Workdays Days off pP*
(men/women) (min/day) (min/day) (min/day) (min/day)

MVPA min

18-30 yrs 366/457 mean (SD) 88.6 (72.8)F 88.3(75. )  0.81 76.6 (53.5)f 71.5(61.9)f  0.005
median 67.5F 69.0F 69.0F 60.07

31-40 yrs 1109/1251 mean (SD) 55.7 (44.2)F 67.7 (63.2)t <0.001 42.1 (38.5)t 40.8 (40.6)f  0.041
median 47.0F 52.37 34.0F 28.0F

41-50 yrs 1411/1905 mean (SD) 47.1 (42.5)7 59.9 (56.5)F <0.001 283 (29.D)t  31.1(37.Df 0.34
median 36.5F 47.0F 21.0F 17.0F

51-65 yrs 1335/1720 mean (SD) 42.9 (46.2)T 53.3 (56.0)F <0.001 20.5 (24.49)t  22.7 (33.3)F 0.74
median 31.0F 37.5F 11.0F 8.0t

VPAlmin

18-30 yrs 366/457 mean (SD) 17.0 (21.4)F 17.6 (25.3)f  0.73 16.5(19.9)F 15.1 (23.)f  0.004
median 10.0+ 5.07 9.0 4.07

31-40 yrs 1109/1251 mean (SD) 11.6 (16.6)F 159 (24.4)1 <0.001 7.8 (12.7)F 8.1 (15.9)F 0.16
median 4.0 3.07 1.0 0.01

41-50 yrs 1411/1905 mean (SD) 9.9 (14. 1)} 13.9 (24.9)1+ <0.001 4.0 (9.t 5.8 (14.9)F 0.008
median 2.07 1.07 0.0 0.07

51-65 yrs 1335/1720 mean (SD) 7.4 (13.9)F 10.2 (21.2)+  0.003 1.8 (6.3)f 2.5(1.2)F 0.54
median 0.57 0.07 0.0 0.07

* For the difference between workdays and days off by Wilcoxon two-sample paired signed rank test

1 P<0.001 for the difference between age groups by Kruskal-Wallis test

MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) calculated from single 1-minute bouts throughout the
measurement period

VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period
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2 Table 3 Amount of moderate-to-vigorous and vigorous physical activity during workdays and days off based on weight status

g Men Women

9 n Workdays Days off P* Workdays Days off pP*
10 (men/women) (min/day) (min/day) (min/day) (min/day)

11 MVPAlmin

12 Normal weight 1495/2792 mean (SD) 60.1 (53.5)F 74.0 (67.4)f  <0.001 44.5 (39.6)t 46.4 (46.7)t 0.99
13 median 48.07 58.5% 35.5% 35.0t

14 Overweight 2067/1627 mean (SD) 49.4 (46.2)t 60.0 (56.4)f  <0.001 24.5 (30.1)f 25.2 (33.0)tF 0.60
15 median 38.01 46.0t 16.0% 12.0%

i? Obese 659/914 mean (SD) 39.6 (43.5)t 42.9 (52.0)t 0.18 13.9 (21.3)t 12.6 (21.8)f  0.001
18 median 29.07 26.07 4.87 2.0F

19 VPAlmin

20 Normal weight 1495/2792 mean (SD) 13.2 (17.3)t 18.2 (27.4)f  <0.001 8.4 (13.8)F 10.0 (19.2)t 0.65
21 median 5.57 4.07 1.0 0.01

22 Overweight 2067/1627 mean (SD) 9.6 (15.5)F 12.6 (22.3)f  <0.001 2.5(7.9)1 2.6 (9.1 0.44
23 median 1.5% 1.0+ 0.0% 0.0t

gg Obese 659/914 mean (SD) 5.0 (11.3)7 6.1 (16.3)F 0.97 0.6 3.1)f 0.5 (3.5)7 0.07
26 median 0.01 0.01 0.0 0.01

27 Normal weight=18.5 to <25.0 kg/m”; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0 kg/m”

gg * For the difference between workdays and days off by Wilcoxon two-sample paired signed rank test

30

31 1 P<0.001 for the difference between body mass index groups by Kruskal-Wallis test

32

33 MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) calculated from single 1-minute bouts throughout the
2‘5" measurement period

g? VPA min=vigorous physical activity (=6 METSs) calculated from single 1-minute bouts throughout the measurement period
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Table 4 Predictors of the amount of moderate-to-vigorous and vigorous physical activity

©CoO~NOUTA,WNPE

MVPAlmin VPAlmin
Coefficient (95% CI) P Coefficient (95% CI) P
Age (18 yrs=0) -1.130 (-1.203 to -1.056) <0.001 -0.286 (-0.310 to -0.261) <0.001
Gender (1=men; 0=women) 24.352 (22.930 to 25.773) <0.001 6.584 (6.114 to 7.054) <0.001
Body mass index (18.5 kg/m”=0) -2.464 (-2.639 to -2.288) <0.001 -0.762 (-0.820 to -0.704) <0.001
Type of day (1=workday; O=day off) -5.161 (-6.051 to -4.271) <0.001 -1.934 (-2.312 to -1.556) <0.001

MVPA |nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) calculated from single 1-minute bouts throughout the

measurement period

VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period

The dependent variables in the linear mixed effects regression models were MVPA i, and VPA i, (minutes/day) as continuous variables.
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S Table 5 Probability of having a bout of moderate-to-vigorous or vigorous physical activity (per measurement day) lasting continuously for >10
? minutes

g MVPA VPA

10 Coefficient (95% CI) P Coefficient (95% CI) P
11 Simple models

12 Age (18 yrs=0) -0.040 (-0.043 to -0.036) <0.001 -0.047 (-0.052 to -0.042) <0.001
13 Gender (1=men; 0=women) 0.948 (0.881 to 1.016) <0.001 1.263 (1.163 to 1.363) <0.001
1‘51 Body mass index (18.5 kg/m”™=0) -0.139 (-0.148 to -0.130) <0.001 -0.186 (-0.202 to -0.171) <0.001
16 Type of day (1=workday; O=day off) -0.189 (-0.242 to -0.135) <0.001 -0.244 (-0.322 t0 -0.167) <0.001
17 Interaction models

18 Age (18 yrs=0) -0.023 (-0.031 to -0.014) <0.001 -0.032 (-0.043 to -0.021) <0.001
19 Gender (1=men; 0=women) -0.157 (-0.400 to 0.086) 0.21 -0.764 (-1.100 to -0.427) <0.001
20 Body mass index (18.5 kg/m’=0) -0.078 (-0.107 to -0.050) <0.001 -0.126 (-0.170 to -0.081) <0.001
21 Type of day (1=workday; O=day off) 0.135 (-0.049 t0 0.319) 0.15 0.004 (-0.231 to 0.240) 0.97
gé Age*Body mass index -0.003 (-0.004 to -0.002) <0.001 -0.006 (-0.008 to -0.004) <0.001
24 Gender*Age 0.030 (0.022 to 0.037) <0.001 0.058 (0.047 to 0.068) <0.001
25 Gender*Body mass index 0.068 (0.050 to 0.086) <0.001 0.116 (0.085 to 0.147) <0.001
26 Type of day*Age -0.009 (-0.015 to -0.004) 0.001 -0.016 (-0.024 to -0.008) <0.001
27 Type of day*Gender -0.349 (-0.460 to -0.238) <0.001 -0.188 (-0.364 to -0.013) 0.035
28 Type of day*Body mass index 0.012 (-0.003 to 0.027) 0.12 0.040 (0.013 to 0.066) 0.003
gg MVPA=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]); VPA=vigorous physical activity (=6 METs)

31 The results are from the generalized linear mixed effects regression models in which the dependent variables are binary outcomes (participant
gg did or did not have a bout of moderate-to-vigorous or vigorous physical activity lasting >10 minutes).
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Table 6 Proportion of participants fulfilling the physical activity recommendation* based on
gender and weight status

Men Women
% (95% CI) % (95% CI)
MVPA 1min
All 80.0 (78.8 to 81.2) 56.1 (54.7 to 57.4)
Normal weight 88.6 (86.8 t0 90.1) 74.1 (72.4 to 75.7)
Overweight 79.4 (77.6 to 81.1) 43.8 (41.3t0 46.2)
Obese 62.5 (58.7 to 66.2) 23.0 (20.3 to 25.8)
MVPAIOmin
All 54.3 (52.8 to 55.8) 32.8 (31.6 to 34.1)
Normal weight 64.9 (62.4 t0 67.3) 46.5 (44.6 t0 48.3)
Overweight 52.7 (50.5 to 54.9) 22.1(20.1 to 24.2)
Obese 35.5(31.9t039.3) 10.3 (8.4t0 12.4)

* Moderate intensity physical activity at least 150 minutes per week, vigorous physical
activity at least 75 minutes per week, or a combination of these (for details of calculation, see
methods).

Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0
kg/m?

MVPA | nmin= moderate-to-vigorous physical activity (>3 metabolic equivalents [METs])
calculated from single 1-minute bouts throughout the measurement period

MVPA omin= moderate-to-vigorous physical activity (=3 METs) calculated from bouts of
physical activity lasting continuously for >10 minutes
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Figure legends
Figure 1 Flow of participants and measurement days included in the analysis.

Figure 2 The mean amount of moderate-to-vigorous physical activity (=3 metabolic
equivalents [METs]) (whole column) and its distribution into moderate (MPA; 3 to <6
METs) and vigorous (VPA; >6 METs) physical activity during workdays (WD) and days off
(DO) by age among men and women. The 1 min notation indicates values for single 1-minute
bouts throughout the measurement period, whereas the 10 min notation indicates values for
bouts of physical activity lasting continuously for >10 minutes. P; and P denote the
differences between WD and DO in moderate-to-vigorous and vigorous physical activities,
respectively. *physical activity was greater during WD than DO. Note the different scales

between the upper and lower figures.

Figure 3 The mean amount of moderate-to-vigorous physical activity (=3 metabolic
equivalents [METs]) (whole column) and its distribution into moderate (MPA; 3 to <6
METs) and vigorous (VPA; >6 METs) physical activity during workdays (WD) and days off
(DO) by weight status among men and women. Normal weight=18.5 to <25.0 kg/m?;
overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0 kg/m”. The 1 min notation indicates
values for single 1-minute bouts throughout the measurement period, whereas the 10 min
notation indicates values for bouts of physical activity lasting continuously for >10 minutes.
P3 and P¢ denote the differences between WD and DO in moderate-to-vigorous and vigorous
physical activities, respectively. *physical activity was greater during WD than DO. Note the

different scales between the upper and lower figures.

Figure 4 Hourly distributions of moderate-to-vigorous (MVPA; >3 metabolic equivalents
[METs]) and vigorous (VPA; >6 METs) physical activity by gender and weight status during

workdays and days off. The mean number of minutes at a certain hour (e.g., 9 am) denotes
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the number of minutes during the hour beginning from that time point (e.g., 9-10 am).
Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0
kg/m?. The 1 min notation indicates values for single 1-minute bouts throughout the

measurement period.

Figure 5 The proportion of participants fulfilling the physical activity recommendation
(moderate intensity physical activity for at least 150 minutes per week, vigorous physical
activity at least 75 minutes per week, or a combination of these) based on gender and weight
status. Normal weight=18.5 to <25.0 kg/m*; overweight=25.0 to <30.0 kg/m?; obese=30.0 to

40.0 kg/m”. Note the different scales between the upper and lower figures.
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Criteria for targeted data mining:
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
SEE PAGES 1-2
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found SEE PAGES 1-2

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
SEE PAGES 5-6

Objectives 3 State specific objectives, including any prespecified hypotheses SEE PAGE 6

Methods

Study design 4 Present key elements of study design early in the paper SEE ABSTRACT AND
PAGE 6-

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection SEE PAGE 6

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case
ascertainment and control selection. Give the rationale for the choice of cases and
controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants SEE PAGES 6-7 AND FIGURE 1

(b) Cohort study—For matched studies, give matching criteria and number of

exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of

controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable DEFINED IN METHODS

Data sources/ 8* For each variable of interest, give sources of data and details of methods of
measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group DEFINED IN METHODS

Bias 9 Describe any efforts to address potential sources of bias WE HAVE ANALYZED
THAT DIFFERENT STEPS IN DATA MINING SUCH AS FOCUSING ONLY TO
THOSE WHO HAVE RECORDINGS FROM DAYS OFF AND WORKDAYS DO
NOT CHANGE THE RESULTS. COMPLETE DISCUSSION ON ALL
ANALYSES DONE FOR THIS PURPOSE COULD NOT BE INCLUDED IN THE
PAPER, SHORT COMMENT IN DISCUSSION

Study size 10 Explain how the study size was arrived at AVAILABLE DATA FOR DATA
MINING, VERY BIG DATASET, EXPLAINED IN METHODS

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why DEFINED IN METHODS

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
DEFINED IN STATISTICAL METHODS
(b) Describe any methods used to examine subgroups and interactions DEFINED IN
STATISTICAL METHODS
(c) Explain how missing data were addressed EXPLAINED IN METHODS AND
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(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy EXPLAINED IN METHODS

(e) Describe any sensitivity analyses

Results

Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed DEFINED IN METHODS AND FIGURE 1

(b) Give reasons for non-participation at each stage DEFINED IN METHODS AND FIGURE
1

(c) Consider use of a flow diagram SEE FIGURE 1

Descriptive data  14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders GIVEN IN METHODS AND THE
BEGINNING OF RESULTS

(b) Indicate number of participants with missing data for each variable of interest DEFINED
IN METHODS AND FIGURE 1

(¢) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15%

Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures SEE
TABLES

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included SEE ABSTRACT AND RESULTS

(b) Report category boundaries when continuous variables were categorized REPORTED IN
APPROPRIATE PLACES; METHODS, RESULTS, TABLES, FIGURES

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses SEE RESULTS

Discussion

Key results 18  Summarise key results with reference to study objectives PAGES 14-15

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias PAGES 15-16

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence PAGES 14-
15, DISCUSSION ELSEWHERE

Generalisability 21

Discuss the generalisability (external validity) of the study results PAGES 14-15,
DISCUSSION ELSEWHERE

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based PAGE 20
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Abstract

Objectives To objectively measure the amount of intensity-specific physical activity by
gender and age with respect to body mass index (BMI) during workdays and days off among

Finnish employees.
Design A cross-sectional study.
Setting Primary care occupational health care units.

Participants A sample of 9554 Finnish employees (4221 men and 5333 women; age range
18-65 years; BMI range 18.5-40.0 kg/m?) who participated in health assessments related to

occupational health promotion.

Main outcome measurements The amount of moderate-to-vigorous (MVPA) and vigorous
(VPA) physical activity (=3 and >6 metabolic equivalents, respectively) was assessed by
estimating minute-to-minute oxygen consumption from the recorded beat-to-beat R-R
interval data. The estimation method used heart rate, respiration rate, and on/off response
information from R-R interval data calibrated by age, gender, height, weight, and self-
reported physical activity class. The proportion of participants fulfilling the aerobic physical
activity recommendation of >150 minutes/week was calculated on the basis of >10-minute

bouts, multiplying VPA minutes by 2.

Results Both MVPA and VPA were higher among men and during days off, and decreased
with increasing age and BMI (P<0.001 for all). Similar results were observed when the
probability of having a bout of MVPA or VPA lasting continuously for >10 minutes per
measurement day was studied. The total amount of VPA was low among overweight (mean
<2.6 minutes/day), obese (mean <0.6 minutes/day), and all 51 to 65-year-old (mean <2.5

minutes/day) women during both types of days. The proportion of participants fulfilling the
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aerobic physical activity recommendation was highest for normal weight men (65%; 95% CI

62 to 67%) and lowest for obese women (10%; 95% CI 8 to 12%)).

Conclusions Objectively measured physical activity is higher among men and during days

©CoO~NOUTA,WNPE

off and decreases with increasing age and BMI. The amount of VPA is very low among

13 obese, overweight, and older women.
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Strengths and limitations of this study

Using novel validated methodology, our study provides accurate data on intensity-
specific physical activity in a large sample of working age individuals, with detailed
associations between intensity-specific physical activity and gender, age, body mass
index, and the type of day (workday vs. day off) and their interactions.

The study sample was not a random sample from the population, but a ‘real life’
clinical sample of employees who participated in preventive occupational health care.
Our recordings usually covered some typical workdays and days off, a longer

recording may be more valid than the duration used in our study.
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Introduction

Epidemiological evidence, studies on underlying mechanisms, and intervention studies
suggest that physical activity plays an important role in the prevention of body fat
accumulation and type 2 diabetes.'” Observational studies suggest that physical activity may
also have other health benefits such as reduced risk for cardiovascular disease,®® dementia,®
depression’ and mortality.'® To achieve these health benefits, according to recent
recommendations, moderate intensity aerobic physical activity should be performed for at
least 150 minutes or vigorous physical activity at least 75 minutes per week.’ '' > However,
accurately recording the amount and intensity of physical activity with regard to both
physical activity-related energy requirements and cardio-respiratory loading is challenging."
'* Objective information is usually obtained by heart rate (HR) monitors or motion sensors,
such as accelerometers."” Existing data suggest that, among obese individuals, the amount of
vigorous physical activity is low compared to current recommendations.'* '*'* However,
estimating the cardio-respiratory loading of physical activity among obese and/or unfit

individuals is difficult using accelerometers or other motion sensors.

HR monitoring is a common method of assessing the intensity of physical activity in clinical
settings. HR is almost linearly associated with oxygen consumption (VO,) at moderate to
submaximal intensities in steady-state exercise; therefore, it can be used to estimate the
intensity of steady-state physical activity. However, the intensity of real life physical activity
usually changes repeatedly, and the relationship between HR and VO, is curvilinear for very
low intensity physical activities and near maximal exercise; thus, the actual VO, can be over-
or underestimated when using the linear HR-VO, relationship to estimate the actual VO;.19
Continuous measurement of HR variability and experimental calibration of data by age,

gender, weight, height, and self-reported physical activity class was recently shown to
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provide accurate estimates of the intensity of physical activity.”’ We used such novel
methodology in this study to estimate the intensity of physical activity in a large sample of

Finnish employees.

The aim of this study was to investigate the amount of physical activity among 9554 Finnish
employees who had participated in continuous beat-to-beat R-R interval (ECG) recordings
during the course of their normal everyday life. More specifically, we investigated the
intensity-specific amount of physical activity by gender and age with respect to body mass
index (BMI) during workdays vs. days off, including hourly distributions of physical activity
throughout the day. This information is an important basis for understanding the cardio-
respiratory loading caused by physical activity and the needs and realistic possibilities for

interventions that increase physical activity.
Methods

Study design and participants

This study is a cross-sectional study investigating the intensity and amount of physical
activity among a clinical sample of 9554 Finnish employees (4221 men and 5333 women;
age range 18-65 years; BMI range 18.5-40.0 kg/m?) who participated in preventive
occupational health care provided by their employers during the years 2007-2013 (Figure 1).
The participants non-selectively represent a wide range of non-manual and manual labor
employees and, thus, a cross-section of typical Finnish employees. As a part of these health
care programs, participants performed continuous beat-to-beat R-R interval recordings in the
course of their normal everyday life as described below. The clinical purpose of these
recordings was to assess the intensity and amount of physical activity (reported in this paper)
and other R-R interval -derived information such as the amount of stress and recovery *' (not

reported in this paper) during workdays and days off. To acquire these so-called Lifestyle
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Assessment results, the R-R interval data were analyzed using Firstbeat Analysis Server
software (Firstbeat Technologies Ltd, Jyviskyld, Finland). On the basis of the results, the
participants received personal feedback and recommendations for maintaining or improving

their health and wellbeing.

The majority of the participants in this study were apparently healthy. The exclusion criteria
for participation in the R-R interval recordings represented by the analysis software
manufacturer were: chronic rhythm disturbance, cardiac pacemaker or transplant, left bundle
branch block, severe cardiac disease (e.g., symptomatic coronary heart disease, heart failure),
very high blood pressure (=180/100 mmHg), type 1 or 2 diabetes with autonomic neuropathy,
hyperthyreosis or other disturbances of the thyroid gland leading to a resting HR >80 bpm,
severe neurological disease (e.g., advanced multiple sclerosis or Parkinson’s disease), fever
or other acute disease, and BMI >40.0 kg/m”. Cases of milder/early disease stages and some
medications may affect R-R intervals or physical activity levels. The inclusion/exclusion of
these participants from the R-R interval recordings was evaluated on a case-by-case basis in

the occupational health care programs.

The data obtained from these R-R interval recordings were analyzed and anonymously stored
in a database administered by the software manufacturer (Firstbeat Technologies Ltd).
Firstbeat Technologies Ltd and each service provider (e.g., occupational health care unit)
who conducted the recordings for employees (participants) signed an agreement providing
Firstbeat Technologies Ltd the right to store the data in an anonymized form and to use it for
development and research purposes with a statement that employers must inform their
employees about its use. According to the agreement, Firstbeat Technologies Ltd extracted an

anonymous data file from the registry for the present research purposes.
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Physical activity assessment

The ambulatory beat-to-beat R-R interval data used to calculate the intensity and amount of
physical activity were recorded during the course of normal everyday life, usually over three
days (typically including two workdays and one day off), using the Firstbeat Bodyguard
device (Firstbeat Technologies Ltd). Data from the measurements were analyzed using
Firstbeat Analysis Server software (version 5.6.0.3, Firstbeat Technologies Ltd). To be
included in the analyses (Figure 1), a participant had to have a measurement period including
at least one workday and one day off. We included a workday or a day off in the analysis if
the measurement period lasted >16 hours/day. The information about workdays and days off
was obtained from the diaries the participants were asked to fill in during the measurement
period. A day was considered to be a workday if a participant worked >4 hours cumulatively.
The days without any working hours were regarded as days off and the days with work time
< 4 hours were excluded from the analyses. The analyzed data consisted of successfully
recorded (measurement error <15% and <30 minute recording break) workdays and days off
(Figure 1). The Firstbeat Bodyguard device cannot be used during swimming. Since we
accepted only measurement days with <30 minute recording breaks, the days with longer

watersports sessions (=30 minutes) are excluded from our analyses.

Background information included age, gender, self-reported height and weight, and self-
reported physical activity class*> modified from Ross and Jackson.” This information was
collected in conjunction with R-R interval recordings using questionnaires. Background
information was used to estimate maximal HR** and maximal VOz,25 which were used in the
estimation of VO,. If a period with HR higher than the estimated was found from the
recording, the maximal HR used for further calculations was corrected accordingly. For the
statistical analyses, BMI was calculated from the self-reported weight and height as

kilograms per meters squared.
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The intensity and amount of physical activity was estimated based on the R-R interval
recordings.”*’ The method was validated previously; the pooled relationship (correlation)
between the measured and predicted VO, across the different activities of daily living was
0.93 and the estimated VO, explained 87% of the variability in the measured VO,.?° The high
validity of this method was achieved by taking into account the R-R interval-derived
information about HR, respiration rate, and on/off response (increasing or decreasing HR)

using neural network modeling of the data and short time Fourier Transform method.?**’

The participant’s mean VO, for each minute during each measurement day was calculated
from the second-by-second VO, estimations. The minute-by-minute VO, estimations were
then converted to multiples of the resting metabolic rate (METs) by dividing the VO, values
by 3.5. Based on the MET values, the amount of physical activity (minutes/day) at a certain
intensity level was calculated two ways. First, we searched the recordings for single 1-minute
segments in which the intensity reached the following MET thresholds: moderate physical
activity (MPA) 3 to <6 METs, vigorous physical activity (VPA) >6 METs, and moderate-to-
vigorous physical activity (MVPA) >3 METs,12 which are referred to as MPA min, VPA 1min,
and MVPA |, later in the text. The total number of 1-minute segments above the given
thresholds during each measurement day was then calculated. These calculations were
performed separately for workdays and days off. If a participant’s measurement period
included two or more workdays (or days off), an average was calculated. Second, because the
recommendation for health-enhancing physical activity suggests that the duration of a bout of

3112 e utilized this in our

aerobic activity should be 10 continuous minutes or longer,
calculations for different intensity categories, which are referred to as MPA omin, VPA 10mins
and MVPA |omin later in the text. In this case, we calculated the total number of 1-minute

segments above the given intensity thresholds during each measurement day using only the

bouts of physical activity that lasted continuously for >10 minutes. The consecutive 1-minute
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segments had to be above the given intensity thresholds for at least 10 minutes, except for
one 1-minute segment, which was allowed to be less than the given threshold. Otherwise the
calculations were performed using the same principles as described above for single 1-minute

segments.
Analysis

Data processing and statistical analysis were performed using MATLAB version R2013b
(The MathWorks Inc., Natick, Massachusetts, U.S.A.) and R version 3.0.2 (The R
Foundation for Statistical Computing, Vienna, Austria). All P values were two-sided and

P<0.05 was considered statistically significant.

We calculated means, standard deviations, and medians for continuous variables and
frequencies and proportions for categorical variables. We categorized the amount of MVPA
and VPA into four categories (0, >0 to 15, >15 to 30 and >30 min) and calculated the
distribution of participants in these categories by gender and type of day (i.e., workdays vs.
days off). We also calculated the amount of MVPA and VPA by gender and type of day for
different age categories (18-30, 31-40, 41-50, and 51-65 years) and BMI categories (normal
weight 18.5 to <25.0 kg/m?, overweight 25.0 to <30.0 kg/m”, and obese 30.0 to 40.0 kg/m?).
The amount of MVPA and VPA during the workdays and days off were compared by gender
inside each age and BMI category using the Wilcoxon two-sample paired signed rank test.
The test assessed whether the differences in the amount of MVPA and VPA between each
participant’s workdays and days off came from a distribution with a median of zero.
Differences in the amount of MVPA and VPA between age categories and between BMI
categories were analyzed using the Kruskal-Wallis test. To describe the temporal distribution

of physical activity, we calculated the amount of MVPA and VPA in each hour (e.g., from 9
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am to 10 am, from 10 am to 11 am, etc.) during the day by gender, BMI category, and type of

day. For illustrative reasons, the means are shown in all figures instead of medians.

The probability of having at least one 10-minute bout of MVPA or VPA per measurement
day (binary outcome; yes vs. no) was modeled using a generalized linear mixed effects
regression (procedure g/mer with Laplace approximation in R). Each participant was
incorporated as a random effect, and fixed effects included age and BMI as continuous
variables and gender and type of day as binary variables. In the modeling, we also included
all of the possible two-way interactions among these four variables. We also used linear
mixed effects regression (procedure fit/me with maximum likelihood estimation in
MATLAB) to predict the amount of MVPA i, and VPA . In this case, each participant
was incorporated as a random effect and fixed effects included age, BMI, gender, and type of
day. The baselines for age (minimum 18) and BMI (minimum 18.5) were subtracted from age

and BMI data, respectively, before regression calculations.

We also investigated how participants fulfill the aerobic physical activity recommendations
of moderate intensity physical activity at least 150 minutes per week or vigorous physical
activity at least 75 minutes per week as measured from >10-minute bouts of activity.3 First,
we calculated the activity minutes score for each day (MPA minutes + VPA minutes x 2) and
then extrapolated the amount of physical activity using the following formula: Weekly
physical activity = (5 x mean workday activity score) + (2 x mean day off activity score).
This calculation was performed with only the bouts of physical activity lasting continuously

for >10 minutes as recommended,’ and then with all >1-minute bouts.
Results

Most of the R-R-interval recordings were from three days (7685 participants); there were

1394, 319, 119, and 37 participants who had two, four, five, and six measurement days,
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respectively. Altogether, the number of analyzed days was 17020 for workdays and 10916 for
days off. The mean (SD) age of the participants was 44.8 (9.7) years [men 44.7 (9.7); women

44.9 (9.7)] and the mean (SD) BMI was 26.1 (4.1) kg/m2 [men 26.7 (3.5); women 25.7 (4.4)].

Table 1 shows the distributions of participants into the MVPA and VPA categories by
workdays and days off among the 4221 men and 5333 women who participated in this study.
For more than 60% of men and approximately 40% of women, the amount of MVPA | i, was
more than 30 minutes per day, regardless of the type of day, whereas 11% (workdays) and
18% (days off) of men and 4% (workdays) and 8% (days off) of women had VPA |, for
more than 30 minutes per day. All these percentages were clearly lower for MVPA gmin and

VPA omin.

Figure 2 and Table 2 show the amount of MVPA and VPA by age, gender, and the type of
day. The amount of MVPA and VPA decreased with advancing age, especially among
women. Among men aged 31 years and older, the amounts of MVPA i, MVPA omin,
VPA 1 min, and VPA omin Were greater during days off than during workdays. Among younger
women (18-40 years), the amount of MVPA j,;, was lower during days off compared to
working days, whereas the amount of MVPA i, was higher during days off among older

women (41-65 years). Other clear trends were not observed among women.

Figure 3 and Table 3 show the amount of MVPA and VPA by weight status, gender, and the
type of day. Obese participants had less MVPA and VPA than normal weight and overweight
participants, especially women. The mean amount of VPA,;, was approximately 0.5 minutes
per day among obese women, for both workdays and days off. Among obese men, the mean
amount of VPA i, was 5.0 minutes during workdays and 6.1 minutes during days off. The
mean amount of VPA i, was also low among overweight women (~2.5 minutes per day for

both workdays and days off). Among normal weight and overweight men, the amount of
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MVPA 1 1min, MVPA 10min, VPA 1min, and VPA omin Were all greater during days off than
workdays, but these differences were not observed among obese men. The corresponding
results for women were more complex. Normal weight and overweight women had more
MVPA |omin during days off than during workdays. However, the amount of MVPA,;, was
similar between the types of days. On the other hand, obese women had a lower amount of
MVPA | min during days off than workdays, but the amount of MVPA |onin Was similar between
the types of day. Differences between workdays and days off with regard to VPA were

observed for normal weight women; VPA omin Was higher during days off than workdays.

Hourly distributions of MVPA and VPA by gender, weight status, and type of day are shown
in Figure 4. The largest amounts of MVPA during workdays occurred at 7-8 am and 5-7 pm.
During days off, the largest amounts of MVPA were distributed evenly between 10 am and 6
pm. The respective VPA profiles resemble those of MVPA. During workdays, a small peak
occurred at 7-8 am, but the greatest amount of VPA was clearly seen at 5-8 pm. The greatest
amount of VPA during days off occurred between 10 am and 8 pm. For both genders, the

amount of MVPA and VPA during workdays and days off decreased with increasing BMI.

When age, gender, BMI, and the type of day were included in the linear mixed effects
regression models as predictors of the amount of MVPA i, or VPA iy (Table 4), the
predictors associated with both outcome measures in similar manners. The amount of
MVPA | min and VPA | in decreased with increasing age and increasing BMI. The amounts of
MVPA min and VPA | in were higher among men compared to women and higher during days
off than during workdays (P<0.001 for all). Similar results were observed when we studied
the probability of having a bout of MVPA or VPA (per measurement day) that lasted
continuously for >10 minutes (Table 5). The probability was higher among men and during

days off, and it decreased with increasing age and increasing BMI (P<0.001 for all).
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We also performed multivariate analysis for the probability of having a bout of MVPA or
VPA lasting continuously for >10 minutes including two-way interactions between age,
gender, BMI, and the type of day (Table 5). Many statistically significant interactions were
observed between these variables. Both higher BMI and higher age decreased the likelihood
of participating in MVPA or VPA, but BMI affected older participants more than younger
participants. In addition, women were more affected by higher age or higher BMI than men.
With increasing age, the probability of MVPA or VPA increased for days off compared to
workdays. With increasing BMI, the probability of MVPA and VPA increased for workdays

compared to days off.

The percentages of participants (by gender and weight status) who fulfilled the aerobic
physical activity recommendations are provided in Figure 5 and Table 6. The proportion of
participants fulfilling the recommendations decreased with increasing BMI for both men and
women. The same was true when the weekly physical activity was calculated including all
>1-minute bouts. Men fulfilled the recommendations better than women. The proportion
fulfilling the recommendations was highest among normal weight men (64.9%, 95% CI 62.4
to 67.3 when >10-minute bouts were included in the calculation and 88.6%, 95% CI 86.8 to
90.1 when >1-minute bouts were included) and lowest among obese women (10.3%, 95% CI

8.4 to 12.4 and 23.0%, 95% CI 20.3 to 25.8, respectively).

Discussion

We found that the amount of physical activity decreases with increasing age and increasing
BMI for both genders, but with a deeper decline among women. The amount of VPA was
particularly low among older (51-65 years) and obese and overweight women. Men had more
physical activity than women, and physical activity was more common during days off than

during workdays, especially among men. The hourly distribution of physical activity clearly
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differed between workdays and days off. During workdays, physical activity was most
common early in the morning and right after working hours, whereas physical activity was
distributed more evenly throughout the day during days off. In addition, the proportion of
participants fulfilling the aerobic physical activity recommendations decreased with
increasing BMI and was lower for women than for men. Approximately one-third of the
obese men and one-tenth of obese women fulfilled the aerobic physical activity

recommendations.
Strengths and weaknesses of the study

Our study has several strengths. First, our study sample was very large and included a wide
range of non-manual and manual labor employees although we did not have individual self-
reported information on job titles available for the analysis in our data mining/register —type
study. Second, we used a novel ambulatory beat-to-beat R-R interval-based method to assess
the intensity of physical activity. This method has been shown to provide more accurate
estimates of the intensity of physical activity than HR information only.?” %’ Third, we had
strict criteria for the inclusion of recording days (e.g., measurement error <15% and recording
break <30 minutes); thus, our recordings had good coverage of typical workdays and days
off. Nonetheless, our study also has some weaknesses. Most of the participants were
apparently healthy, but some participants with chronic diseases and/or medications that do
not severely affect HR were also included in the sample of employees. We did not adjust for
these conditions in the analysis since this information was not available for the analysis in our
data mining/register —type study. In addition, the study sample was not a random sample from
the population, but a ‘real life’ clinical sample of employees who participated in preventive
occupational health care. This can be considered as either a strength or a weakness depending
on the perspective. Our method for assessing physical activity can differentiate between the

intensities of physical activity MET by MET, but to simplify our presentations, we used cut-
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off points of >3 and >6 METs to describe MVPA and VPA, respectively, as these are used in
the physical activity recommendations.'? The durations of our recordings were from two to
six days and on the basis of these recordings, the amount of weekly physical activity was
estimated in order to determine the proportion of participants who fulfill the aerobic physical
activity recommendations. To accurately assess individual long-term physical activity levels,
a longer recording is more valid than the duration used in our study.3 % Our recordings usually
covered some typical workdays and days off, as our aim was to obtain recordings covering
most of the day without artifacts. To achieve this goal, stick-on electrodes with wires were
used for the collection of R-R interval data, but in some individuals, the electrodes cause skin

irritation that make it difficult to make long recordings.
Findings in relation to other studies

The majority of previous studies including large study populations used accelerometers or
pedometers for the objective assessment of physical activity. These methods provide rough
estimates of the intensity of physical activity. We used beat-to-beat R-R interval data, which
allows more accurate estimations of the intensity of physical activity, but it also has
limitations when comparing our results to previous results. The age- and BMI-associated
declines in the amount of physical activity observed in our study are in agreement with the
results of the studies using accelerometers.'* ' '* 3! In our study, the amount of VPA was very
low, especially among older women and overweight and obese women, and similar results

141731 Our results on the clear

have been reported in previous studies that used accelerometers.
difference between workdays and days off in the hourly distribution of physical activity are in
accordance with previous studies.'® In addition, we observed that the proportions of
overweight and obese participants fulfilling the aerobic physical activity recommendations

are lower than the proportion of normal weight participants. Previous studies obtained similar

results showing that among obese individuals especially the amount of VPA is low compared
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with the current recommendation.'* !¢ 18

Previous questionnaire-based studies in Finland have
reported that approximately one-quarter > to one-half ** of the working-aged adults (both men
and women) fulfill the current aerobic physical activity recommendation. Our objectively

measured results (men 54%, women 33%) covering both work-related and leisure physical

activities are roughly in line with these results.

Overall, most of the associations in our study are similar to previous population-based studies
that used accelerometers. However, our method measures cardio-respiratory loading more
directly than the methods based on motion sensors. The amount of physical activity
calculated from the bouts lasting >10 minutes should be used when determining who meets
the current physical activity recommendations.” We calculated the amount of MVPA and
VPA in two different ways that reflect different aspects of physical activity. The amount of
physical activity calculated from single 1-minute bouts throughout the measurement period
may be considered to reflect daily activities rather than fitness-enhancing exercise, as this
method also takes into account very short bouts of physical activity, such as climbing stairs.
Interestingly, the proportion of participants fulfilling the aerobic physical activity

recommendation is doubled when shorter bouts are included in the calculation (Table 5).
Meaning of the study: implications for clinicians and policymakers

Increasing physical activity and reducing obesity are both important targets for improving
overall population health, as both obesity and low physical activity are predictors of
mortality.** According to our study approximately one-third of Finnish working-aged women
and half of working-aged men meet the current recommendations for aerobic physical
activity. The proportion is especially low among overweight and obese women and obese
men. On the basis of this and our other observations, the amount of physical activity,

especially the amount of VPA, seems to be very low among overweight and obese
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individuals, particularly women. As our study is cross-sectional in nature, it does not show
the direction of causality between physical activity and obesity. However, this evidence
shows the vicious cycle between obesity and physical inactivity.*® The low number of obese
individuals meeting the recommendations and their low starting level (with regard to total
amount, duration, and intensity) should be taken into account when tailoring interventions for
increasing physical activity. For obese individuals, the amount of MPA, or perhaps low
intensity activity, should be increased first. Among obese individuals, objectively measured
physical activity seems to be low both during leisure and at work. Thus, both leisure hours
and working hours need attention when tailoring activity interventions. Overall, the
documentation of physical activity levels as a part of routine health care should be

improved.3 6
Unanswered questions and future research

In light of our findings, long-term controlled intervention studies are needed to show whether
MPA or VPA as the main component of intervention programs has a better benefit-risk
balance among obese individuals in terms of adherence, weight-control, morbidity, and
mortality. Also, more detailed research is needed on whether short bouts of physical activity
lead to long-term health benefits comparable to longer bouts at the disease-outcome level.
Accurate methods of monitoring physical activity that cover cardio-respiratory loading are
also needed to carry out large-scale studies on these topics and to analyze whether specific
types of short-term activity provide health benefits. Notably, some physical activity is under
the intensity level of 3 METs, which was not taken into account in our current analysis.
Long-term intervention studies on the effects of physical activity with (very) low intensity on

disease outcomes are lacking.

Footnotes
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Table 1 Distributions of participants into moderate-to-vigorous and vigorous physical activity categories according to mean minutes per day on
workdays and days off

©CoO~NOUTA,WNPE

Workdays Days off
0 min >0-15Smin >15-30 min  >30 min 0 min >0-1Smin  >15-30 min  >30 min
11 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
12 Men (n=4221)
13 MVPA | in 91 (2.2) 835(19.8) 706 (16.7) 2589 (61.3) 160 (3.8) 851(20.2) 563 (13.3) 2647 (62.7)
14 MVPA |0min 1345 (31.9) 712(16.9) 802 (19.0) 1362 (32.3) 1535 (36.4) 452 (10.7) 500 (11.8) 1734 (41.1)
15 VPA | min 1544 (36.6) 1571 (37.2) 658 (15.6) 448 (10.6) 1862 (44.1) 1221 (28.9) 391 (9.3) 747 (17.7)
16 VPA | omin 3014 (71.4) 524 (12.4) 441 (10.4) 242 (5.7) 3189 (75.6) 236 (5.6) 292 (6.9) 504 (11.9)
Women (n=5333)
19 MVPA | min 480 (9.0) 1632 (30.6) 1015 (19.0) 2206 (41.4) 838 (15.7) 1612(30.2) 760 (14.3) 2123 (39.8)
20 MVPA | omin 2523 (47.3) 913 (17.1) 864 (16.2) 1033 (19.4) 2999 (56.2) 469 (8.8) 550 (10.3) 1315 (24.7)
21 VPA min 3200 (60.0) 1454 (27.3) 440 (8.3) 239 (4.5) 3651 (68.5) 979 (18.4) 299 (5.6) 404 (7.6)
22 VPA omin 4520 (84.8) 408 (7.7) 294 (5.5) 111 (2.1) 4690 (87.9) 196 (3.7) 169 (3.2) 278 (5.2)
23 MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METSs]) calculated from single 1-minute bouts throughout the
measurement period

26 MVPA omin= moderate-to-vigorous physical activity (=3 METs) calculated from bouts of physical activity lasting continuously for >10 minutes
28 VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period

30 VPA omin=Vigorous physical activity (=6 METs) calculated from bouts of physical activity lasting continuously for >10 minutes

46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



BMJ Open

Table 2 Amount of moderate-to-vigorous and vigorous physical activity during workdays and days off based on age group

©CoO~NOUTA,WNPE

Men Women
n Workdays Days off pP* Workdays Days off pP*
(men/women) (min/day) (min/day) (min/day) (min/day)

MVPA min

18-30 yrs 366/457 mean (SD) 88.6 (72.8)F 88.3(75. )  0.81 76.6 (53.5)f 71.5(61.9)f  0.005
median 67.5F 69.0F 69.0F 60.07

31-40 yrs 1109/1251 mean (SD) 55.7 (44.2)F 67.7 (63.2)t <0.001 42.1 (38.5)t 40.8 (40.6)f  0.041
median 47.0F 52.37 34.0F 28.0F

41-50 yrs 1411/1905 mean (SD) 47.1 (42.5)7 59.9 (56.5)F <0.001 283 (29.D)t  31.1(37.Df 0.34
median 36.5F 47.0F 21.0F 17.0F

51-65 yrs 1335/1720 mean (SD) 42.9 (46.2)T 53.3 (56.0)F <0.001 20.5 (24.49)t  22.7 (33.3)F 0.74
median 31.0F 37.5F 11.0F 8.0t

VPAlmin

18-30 yrs 366/457 mean (SD) 17.0 (21.4)F 17.6 (25.3)f  0.73 16.5(19.9)F 15.1 (23.)f  0.004
median 10.0+ 5.07 9.0 4.07

31-40 yrs 1109/1251 mean (SD) 11.6 (16.6)F 159 (24.4)1 <0.001 7.8 (12.7)F 8.1 (15.9)F 0.16
median 4.0 3.07 1.0 0.01

41-50 yrs 1411/1905 mean (SD) 9.9 (14. 1)} 13.9 (24.9)1+ <0.001 4.0 (9.t 5.8 (14.9)F 0.008
median 2.07 1.07 0.0 0.07

51-65 yrs 1335/1720 mean (SD) 7.4 (13.9)F 10.2 (21.2)+  0.003 1.8 (6.3)f 2.5(1.2)F 0.54
median 0.57 0.07 0.0 0.07

* For the difference between workdays and days off by Wilcoxon two-sample paired signed rank test

1 P<0.001 for the difference between age groups by Kruskal-Wallis test

MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) calculated from single 1-minute bouts throughout the
measurement period

VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period
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2 Table 3 Amount of moderate-to-vigorous and vigorous physical activity during workdays and days off based on weight status

g Men Women

9 n Workdays Days off P* Workdays Days off pP*
10 (men/women) (min/day) (min/day) (min/day) (min/day)

11 MVPAlmin

12 Normal weight 1495/2792 mean (SD) 60.1 (53.5)F 74.0 (67.4)f  <0.001 44.5 (39.6)t 46.4 (46.7)t 0.99
13 median 48.07 58.5% 35.5% 35.0t

14 Overweight 2067/1627 mean (SD) 49.4 (46.2)t 60.0 (56.4)f  <0.001 24.5 (30.1)f 25.2 (33.0)tF 0.60
15 median 38.01 46.0t 16.0% 12.0%

i? Obese 659/914 mean (SD) 39.6 (43.5)t 42.9 (52.0)t 0.18 13.9 (21.3)t 12.6 (21.8)f  0.001
18 median 29.07 26.07 4.87 2.0F

19 VPAlmin

20 Normal weight 1495/2792 mean (SD) 13.2 (17.3)t 18.2 (27.4)f  <0.001 8.4 (13.8)F 10.0 (19.2)t 0.65
21 median 5.57 4.07 1.0 0.01

22 Overweight 2067/1627 mean (SD) 9.6 (15.5)F 12.6 (22.3)f  <0.001 2.5(7.9)1 2.6 (9.1 0.44
23 median 1.5% 1.0+ 0.0% 0.0t

gg Obese 659/914 mean (SD) 5.0 (11.3)7 6.1 (16.3)F 0.97 0.6 3.1)f 0.5 (3.5)7 0.07
26 median 0.01 0.01 0.0 0.01

27 Normal weight=18.5 to <25.0 kg/m”; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0 kg/m”

gg * For the difference between workdays and days off by Wilcoxon two-sample paired signed rank test

30

31 1 P<0.001 for the difference between body mass index groups by Kruskal-Wallis test

32

33 MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) calculated from single 1-minute bouts throughout the
2‘5" measurement period

g? VPA min=vigorous physical activity (=6 METSs) calculated from single 1-minute bouts throughout the measurement period
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Table 4 Predictors of the amount of moderate-to-vigorous and vigorous physical activity

©CoO~NOUTA,WNPE

MVPAlmin VPAlmin
Unstandardized regression Unstandardized regression
coefficient (95% CI) P coefficient (95% CI) P
Age (18 yrs=0) -1.130 (-1.203 to -1.056) <0.001 -0.286 (-0.310 to -0.261) <0.001
Gender (1=men; 0=women) 24.352 (22.930 to 25.773) <0.001 6.584 (6.114 to 7.054) <0.001
Body mass index (18.5 kg/m’°=0) -2.464 (-2.639 to -2.288) <0.001 -0.762 (-0.820 to -0.704) <0.001
Type of day (1=workday; O=day off) -5.161 (-6.051 to -4.271) <0.001 -1.934 (-2.312 to -1.556) <0.001

MVPA |nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METSs]) calculated from single 1-minute bouts throughout the
measurement period

VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period

The dependent variables in the linear mixed effects regression models were MVPA i, and VPA i, (minutes/day) as continuous variables.
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S Table 5 Probability of having a bout of moderate-to-vigorous or vigorous physical activity (per measurement day) lasting continuously for >10
? minutes

g MVPA VPA

10 Unstandardized regression Unstandardized regression

11 coefficient (95% CI) P coefficient (95% CI) P

12 Simple models

13 Age (18 yrs=0) -0.040 (-0.043 to -0.036) <0.001 -0.047 (-0.052 to -0.042) <0.001
1‘51 Gender (1=men; 0=women) 0.948 (0.881 to 1.016) <0.001 1.263 (1.163 to 1.363) <0.001
16 Body mass index (18.5 kg/m”™=0) -0.139 (-0.148 to -0.130) <0.001 -0.186 (-0.202 to -0.171) <0.001
17 Type of day (1=workday; O=day off) -0.189 (-0.242 to -0.135) <0.001 -0.244 (-0.322 t0 -0.167) <0.001
18 Interaction models

19 Age (18 yrs=0) -0.023 (-0.031 to -0.014) <0.001 -0.032 (-0.043 to -0.021) <0.001
20 Gender (1=men; 0=women) -0.157 (-0.400 to 0.086) 0.21 -0.764 (-1.100 to -0.427) <0.001
21 Body mass index (18.5 kg/m™=0) -0.078 (-0.107 to -0.050) <0.001 -0.126 (-0.170 to -0.081) <0.001
gé Type of day (1=workday; O=day off) 0.135 (-0.049 t0 0.319) 0.15 0.004 (-0.231 to 0.240) 0.97
o4 Age*Body mass index -0.003 (-0.004 to -0.002) <0.001 -0.006 (-0.008 to -0.004) <0.001
25 Gender*Age 0.030 (0.022 to 0.037) <0.001 0.058 (0.047 to 0.068) <0.001
26 Gender*Body mass index 0.068 (0.050 to 0.086) <0.001 0.116 (0.085 to 0.147) <0.001
27 Type of day*Age -0.009 (-0.015 to -0.004) 0.001 -0.016 (-0.024 to -0.008) <0.001
28 Type of day*Gender -0.349 (-0.460 to -0.238) <0.001 -0.188 (-0.364 to -0.013) 0.035
29 Type of day*Body mass index 0.012 (-0.003 to 0.027) 0.12 0.040 (0.013 to 0.066) 0.003
32 MVPA=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]); VPA=vigorous physical activity (=6 METs)

gg The results are from the generalized linear mixed effects regression models in which the dependent variables are binary outcomes (participant
34 did or did not have a bout of moderate-to-vigorous or vigorous physical activity lasting >10 minutes) and each participant is incorporated as a
35 random effect. In the simple models, the fixed effects are age, gender, body mass index, and type of day. In the interaction models, the fixed
36 effects are age, gender, body mass index, type of day, and all of their possible two-way interactions.
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Table 6 Proportion of participants fulfilling the aerobic physical activity recommendation™®
based on gender and weight status

Men Women
% (95% CI) % (95% CI)
MVPAlmin
All 80.0 (78.8 to 81.2) 56.1 (54.7 t0 57.4)
Normal weight 88.6 (86.8 t0 90.1) 74.1 (724 10 75.7)
Overweight 79.4 (77.6 to 81.1) 43.8 (41.3 t0 46.2)
Obese 62.5 (58.7 t0 66.2) 23.0 (20.3 to 25.8)
MVPAIOmin
All 54.3 (52.8 to 55.8) 32.8 (31.6 to 34.1)
Normal weight 64.9 (62.4 t0 67.3) 46.5 (44.6 t0 48.3)
Overweight 52.7 (50.5 to 54.9) 22.1 (20.1 to 24.2)
Obese 35.5(31.9 t0 39.3) 10.3 (8.4 to 12.4)

* Moderate intensity aerobic physical activity at least 150 minutes per week, vigorous
physical activity at least 75 minutes per week, or a combination of these (for details of
calculation, see methods)

Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0
kg/m?

MVPA | nmin= moderate-to-vigorous physical activity (>3 metabolic equivalents [METs])
calculated from single 1-minute bouts throughout the measurement period

MVPA omin= moderate-to-vigorous physical activity (=3 METs) calculated from bouts of
physical activity lasting continuously for >10 minutes
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Figure legends
Figure 1 Flow of participants and measurement days included in the analysis.

Figure 2 The mean amount of moderate-to-vigorous physical activity (=3 metabolic
equivalents [METs]) (whole column) and its distribution into moderate (MPA; 3 to <6
METs) and vigorous (VPA; >6 METs) physical activity during workdays (WD) and days off
(DO) by age among men and women. The 1 min notation indicates values for single 1-minute
bouts throughout the measurement period, whereas the 10 min notation indicates values for
bouts of physical activity lasting continuously for >10 minutes. P; and P denote the
differences between WD and DO in moderate-to-vigorous and vigorous physical activities,
respectively. *physical activity was greater during WD than DO. Note the different scales

between the upper and lower figures.

Figure 3 The mean amount of moderate-to-vigorous physical activity (=3 metabolic
equivalents [METs]) (whole column) and its distribution into moderate (MPA; 3 to <6
METs) and vigorous (VPA; >6 METs) physical activity during workdays (WD) and days off
(DO) by weight status among men and women. Normal weight=18.5 to <25.0 kg/m?;
overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0 kg/m”. The 1 min notation indicates
values for single 1-minute bouts throughout the measurement period, whereas the 10 min
notation indicates values for bouts of physical activity lasting continuously for >10 minutes.
P3 and P¢ denote the differences between WD and DO in moderate-to-vigorous and vigorous
physical activities, respectively. *physical activity was greater during WD than DO. Note the

different scales between the upper and lower figures.

Figure 4 Hourly distributions of moderate-to-vigorous (MVPA; >3 metabolic equivalents
[METs]) and vigorous (VPA; >6 METs) physical activity by gender and weight status during

workdays and days off. The mean number of minutes at a certain hour (e.g., 9 am) denotes
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the number of minutes during the hour beginning from that time point (e.g., 9-10 am).
Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0
kg/m?. The 1 min notation indicates values for single 1-minute bouts throughout the

measurement period.

Figure 5 The proportion of participants fulfilling the aerobic physical activity
recommendation (moderate intensity physical activity for at least 150 minutes per week,
vigorous physical activity at least 75 minutes per week, or a combination of these) based on
gender and weight status. Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0
kg/m?; obese=30.0 to 40.0 kg/m”. Note the different scales between the upper and lower

figures.
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Abstract

Objectives To objectively measure the amount of intensity-specific physical activity by
gender and age with respect to body mass index (BMI) during workdays and days off among

Finnish employees.
Design A cross-sectional study.
Setting Primary care occupational health care units.

Participants A sample of 9554 Finnish employees (4221 men and 5333 women; age range
18-65 years; BMI range 18.5-40.0 kg/m?) who participated in health assessments related to

occupational health promotion.

Main outcome measurements The amount of moderate-to-vigorous (MVPA) and vigorous
(VPA) physical activity (=3 and >6 metabolic equivalents, respectively) was assessed by
estimating minute-to-minute oxygen consumption from the recorded beat-to-beat R-R
interval data. The estimation method used heart rate, respiration rate, and on/off response
information from R-R interval data calibrated by age, gender, height, weight, and self-
reported physical activity class. The proportion of participants fulfilling the aerobic physical
activity recommendation of >150 minutes/week was calculated on the basis of >10-minute

bouts, multiplying VPA minutes by 2.

Results Both MVPA and VPA were higher among men and during days off, and decreased
with increasing age and BMI (P<0.001 for all). Similar results were observed when the
probability of having a bout of MVPA or VPA lasting continuously for >10 minutes per
measurement day was studied. The total amount of VPA was low among overweight (mean
<2.6 minutes/day), obese (mean <0.6 minutes/day), and all 51 to 65-year-old (mean <2.5

minutes/day) women during both types of days. The proportion of participants fulfilling the
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aerobic physical activity recommendation was highest for normal weight men (65%; 95% CI

62 to 67%) and lowest for obese women (10%; 95% CI 8 to 12%)).

Conclusions Objectively measured physical activity is higher among men and during days

©CoO~NOUTA,WNPE

off and decreases with increasing age and BMI. The amount of VPA is very low among

13 obese, overweight, and older women.
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Strengths and limitations of this study

Using novel validated methodology, our study provides accurate data on intensity-
specific physical activity in a large sample of working age individuals, with detailed
associations between intensity-specific physical activity and gender, age, body mass
index, and the type of day (workday vs. day off) and their interactions.

The study sample was not a random sample from the population, but a ‘real life’
clinical sample of employees who participated in preventive occupational health care.
Our recordings usually covered some typical workdays and days off, a longer

recording may be more valid than the duration used in our study.
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Introduction

Epidemiological evidence, studies on underlying mechanisms, and intervention studies
suggest that physical activity plays an important role in the prevention of body fat
accumulation and type 2 diabetes.'” Observational studies suggest that physical activity may
also have other health benefits such as reduced risk for cardiovascular disease,®® dementia,®
depression’ and mortality.'’ To achieve these health benefits, according to recent
recommendations, moderate intensity aerobic physical activity should be performed for at
least 150 minutes or vigorous physical activity at least 75 minutes per week.’ '' > However,
accurately recording the amount and intensity of physical activity with regard to both
physical activity-related energy requirements and cardio-respiratory loading is challenging."
'* Objective information is usually obtained by heart rate (HR) monitors or motion sensors,
such as accelerometers."” Existing data suggest that, among obese individuals, the amount of
vigorous physical activity is low compared to current recommendations.'* '*'* However,
estimating the cardio-respiratory loading of physical activity among obese and/or unfit

individuals is difficult using accelerometers or other motion sensors.

HR monitoring is a common method of assessing the intensity of physical activity in clinical
settings. HR is almost linearly associated with oxygen consumption (VO,) at moderate to
submaximal intensities in steady-state exercise; therefore, it can be used to estimate the
intensity of steady-state physical activity. However, the intensity of real life physical activity
usually changes repeatedly, and the relationship between HR and VO, is curvilinear for very
low intensity physical activities and near maximal exercise; thus, the actual VO, can be over-
or underestimated when using the linear HR-VO, relationship to estimate the actual VO;.19
Continuous measurement of HR variability and experimental calibration of data by age,

gender, weight, height, and self-reported physical activity class was recently shown to
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provide accurate estimates of the intensity of physical activity.”’ We used such novel
methodology in this study to estimate the intensity of physical activity in a large sample of

Finnish employees.

The aim of this study was to investigate the amount of physical activity among 9554 Finnish
employees who had participated in continuous beat-to-beat R-R interval (ECG) recordings
during the course of their normal everyday life. More specifically, we investigated the
intensity-specific amount of physical activity by gender and age with respect to body mass
index (BMI) during workdays vs. days off, including hourly distributions of physical activity
throughout the day. This information is an important basis for understanding the cardio-
respiratory loading caused by physical activity and the needs and realistic possibilities for

interventions that increase physical activity.
Methods

Study design and participants

This study is a cross-sectional study investigating the intensity and amount of physical
activity among a clinical sample of 9554 Finnish employees (4221 men and 5333 women;
age range 18-65 years; BMI range 18.5-40.0 kg/m?) who participated in preventive
occupational health care provided by their employers during the years 2007-2013 (Figure 1).
The participants non-selectively represent a wide range of non-manual and manual labor
employees and, thus, a cross-section of typical Finnish employees. As a part of these health
care programs, participants performed continuous beat-to-beat R-R interval recordings in the
course of their normal everyday life as described below. The clinical purpose of these
recordings was to assess the intensity and amount of physical activity (reported in this paper)
and other R-R interval -derived information such as the amount of stress and recovery *' (not

reported in this paper) during workdays and days off. To acquire these so-called Lifestyle
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Assessment results, the R-R interval data were analyzed using Firstbeat Analysis Server
software (Firstbeat Technologies Ltd, Jyviskyld, Finland). On the basis of the results, the
participants received personal feedback and recommendations for maintaining or improving

their health and wellbeing.

The majority of the participants in this study were apparently healthy. The exclusion criteria
for participation in the R-R interval recordings represented by the analysis software
manufacturer were: chronic rhythm disturbance, cardiac pacemaker or transplant, left bundle
branch block, severe cardiac disease (e.g., symptomatic coronary heart disease, heart failure),
very high blood pressure (=180/100 mmHg), type 1 or 2 diabetes with autonomic neuropathy,
hyperthyreosis or other disturbances of the thyroid gland leading to a resting HR >80 bpm,
severe neurological disease (e.g., advanced multiple sclerosis or Parkinson’s disease), fever
or other acute disease, and BMI >40.0 kg/m”. Cases of milder/early disease stages and some
medications may affect R-R intervals or physical activity levels. The inclusion/exclusion of
these participants from the R-R interval recordings was evaluated on a case-by-case basis in

the occupational health care programs.

The data obtained from these R-R interval recordings were analyzed and anonymously stored
in a database administered by the software manufacturer (Firstbeat Technologies Ltd).
Firstbeat Technologies Ltd and each service provider (e.g., occupational health care unit)
who conducted the recordings for employees (participants) signed an agreement providing
Firstbeat Technologies Ltd the right to store the data in an anonymized form and to use it for
development and research purposes with a statement that employers must inform their
employees about its use. According to the agreement, Firstbeat Technologies Ltd extracted an

anonymous data file from the registry for the present research purposes.
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Physical activity assessment

The ambulatory beat-to-beat R-R interval data used to calculate the intensity and amount of
physical activity were recorded during the course of normal everyday life, usually over three
days (typically including two workdays and one day off), using the Firstbeat Bodyguard
device (Firstbeat Technologies Ltd). Data from the measurements were analyzed using
Firstbeat Analysis Server software (version 5.6.0.3, Firstbeat Technologies Ltd). To be
included in the analyses (Figure 1), a participant had to have a measurement period including
at least one workday and one day off. We included a workday or a day off in the analysis if
the measurement period lasted >16 hours/day. The information about workdays and days off
was obtained from the diaries the participants were asked to fill in during the measurement
period. A day was considered to be a workday if a participant worked >4 hours cumulatively.
The days without any working hours were regarded as days off and the days with work time
< 4 hours were excluded from the analyses. The analyzed data consisted of successfully
recorded (measurement error <15% and <30 minute recording break) workdays and days off
(Figure 1). The Firstbeat Bodyguard device cannot be used during swimming. Since we
accepted only measurement days with <30 minute recording breaks, the days with longer

watersports sessions (>30 minutes) are excluded from our analyses.

Background information included age, gender, self-reported height and weight, and self-
reported physical activity class* modified from Ross and Jackson.?® This information was
collected in conjunction with R-R interval recordings using questionnaires. Background
information was used to estimate maximal HR** and maximal VOz,25 which were used in the
estimation of VO,. If a period with HR higher than the estimated was found from the
recording, the maximal HR used for further calculations was corrected accordingly. For the
statistical analyses, BMI was calculated from the self-reported weight and height as

kilograms per meters squared.
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The intensity and amount of physical activity was estimated based on the R-R interval
recordings.”*’ The method was validated previously; the pooled relationship (correlation)
between the measured and predicted VO, across the different activities of daily living was
0.93 and the estimated VO, explained 87% of the variability in the measured VO,.?° The high
validity of this method was achieved by taking into account the R-R interval-derived
information about HR, respiration rate, and on/off response (increasing or decreasing HR)

using neural network modeling of the data and short time Fourier Transform method.?**’

The participant’s mean VO, for each minute during each measurement day was calculated
from the second-by-second VO, estimations. The minute-by-minute VO, estimations were
then converted to multiples of the resting metabolic rate (METs) by dividing the VO, values
by 3.5. Based on the MET values, the amount of physical activity (minutes/day) at a certain
intensity level was calculated two ways. First, we searched the recordings for single 1-minute
segments in which the intensity reached the following MET thresholds: moderate physical
activity (MPA) 3 to <6 METs, vigorous physical activity (VPA) >6 METs, and moderate-to-
vigorous physical activity (MVPA) >3 METs,12 which are referred to as MPA min, VPA 1min,
and MVPA |, later in the text. The total number of 1-minute segments above the given
thresholds during each measurement day was then calculated. These calculations were
performed separately for workdays and days off. If a participant’s measurement period
included two or more workdays (or days off), an average was calculated. Second, because the
recommendation for health-enhancing physical activity suggests that the duration of a bout of

3112 e utilized this in our

aerobic activity should be 10 continuous minutes or longer,
calculations for different intensity categories, which are referred to as MPA omin, VPA 10mins
and MVPA |omin later in the text. In this case, we calculated the total number of 1-minute

segments above the given intensity thresholds during each measurement day using only the

bouts of physical activity that lasted continuously for >10 minutes. The consecutive 1-minute
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segments had to be above the given intensity thresholds for at least 10 minutes, except for
one 1-minute segment, which was allowed to be less than the given threshold. Otherwise the
calculations were performed using the same principles as described above for single 1-minute

segments.
Analysis

Data processing and statistical analysis were performed using MATLAB version R2013b
(The MathWorks Inc., Natick, Massachusetts, U.S.A.) and R version 3.0.2 (The R
Foundation for Statistical Computing, Vienna, Austria). All P values were two-sided and

P<0.05 was considered statistically significant.

We calculated means, standard deviations, and medians for continuous variables and
frequencies and proportions for categorical variables. We categorized the amount of MVPA
and VPA into four categories (0, >0 to 15, >15 to 30 and >30 min) and calculated the
distribution of participants in these categories by gender and type of day (i.e., workdays vs.
days off). We also calculated the amount of MVPA and VPA by gender and type of day for
different age categories (18-30, 31-40, 41-50, and 51-65 years) and BMI categories (normal
weight 18.5 to <25.0 kg/m?, overweight 25.0 to <30.0 kg/m”, and obese 30.0 to 40.0 kg/m?).
The amount of MVPA and VPA during the workdays and days off were compared by gender
inside each age and BMI category using the Wilcoxon two-sample paired signed rank test.
The test assessed whether the differences in the amount of MVPA and VPA between each
participant’s workdays and days off came from a distribution with a median of zero.
Differences in the amount of MVPA and VPA between age categories and between BMI
categories were analyzed using the Kruskal-Wallis test. To describe the temporal distribution

of physical activity, we calculated the amount of MVPA and VPA in each hour (e.g., from 9
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am to 10 am, from 10 am to 11 am, etc.) during the day by gender, BMI category, and type of

day. For illustrative reasons, the means are shown in all figures instead of medians.

The probability of having at least one 10-minute bout of MVPA or VPA per measurement
day (binary outcome; yes vs. no) was modeled using a generalized linear mixed effects
regression (procedure g/mer with Laplace approximation in R). Each participant was
incorporated as a random effect, and fixed effects included age and BMI as continuous
variables and gender and type of day as binary variables. In the modeling, we also included
all of the possible two-way interactions among these four variables. We also used linear
mixed effects regression (procedure fit/me with maximum likelihood estimation in
MATLAB) to predict the amount of MVPA i, and VPA . In this case, each participant
was incorporated as a random effect and fixed effects included age, BMI, gender, and type of
day. The baselines for age (minimum 18) and BMI (minimum 18.5) were subtracted from age

and BMI data, respectively, before regression calculations.

We also investigated how participants fulfill the aerobic physical activity recommendations
of moderate intensity physical activity at least 150 minutes per week or vigorous physical
activity at least 75 minutes per week as measured from >10-minute bouts of activity.3 First,
we calculated the activity minutes score for each day (MPA minutes + VPA minutes x 2) and
then extrapolated the amount of physical activity using the following formula: Weekly
physical activity = (5 x mean workday activity score) + (2 x mean day off activity score).
This calculation was performed with only the bouts of physical activity lasting continuously

for >10 minutes as recommended,’ and then with all >1-minute bouts.
Results

Most of the R-R-interval recordings were from three days (7685 participants); there were

1394, 319, 119, and 37 participants who had two, four, five, and six measurement days,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 44 of 71

12

respectively. Altogether, the number of analyzed days was 17020 for workdays and 10916 for
days off. The mean (SD) age of the participants was 44.8 (9.7) years [men 44.7 (9.7); women

44.9 (9.7)] and the mean (SD) BMI was 26.1 (4.1) kg/m2 [men 26.7 (3.5); women 25.7 (4.4)].

Table 1 shows the distributions of participants into the MVPA and VPA categories by
workdays and days off among the 4221 men and 5333 women who participated in this study.
For more than 60% of men and approximately 40% of women, the amount of MVPA | i, was
more than 30 minutes per day, regardless of the type of day, whereas 11% (workdays) and
18% (days off) of men and 4% (workdays) and 8% (days off) of women had VPA |, for
more than 30 minutes per day. All these percentages were clearly lower for MVPA gmin and

VPA omin.

Figure 2 and Table 2 show the amount of MVPA and VPA by age, gender, and the type of
day. The amount of MVPA and VPA decreased with advancing age, especially among
women. Among men aged 31 years and older, the amounts of MVPA i, MVPA omin,
VPA 1 min, and VPA omin Were greater during days off than during workdays. Among younger
women (18-40 years), the amount of MVPA j,;, was lower during days off compared to
working days, whereas the amount of MVPA i, was higher during days off among older

women (41-65 years). Other clear trends were not observed among women.

Figure 3 and Table 3 show the amount of MVPA and VPA by weight status, gender, and the
type of day. Obese participants had less MVPA and VPA than normal weight and overweight
participants, especially women. The mean amount of VPA,;, was approximately 0.5 minutes
per day among obese women, for both workdays and days off. Among obese men, the mean
amount of VPA i, was 5.0 minutes during workdays and 6.1 minutes during days off. The
mean amount of VPA i, was also low among overweight women (~2.5 minutes per day for

both workdays and days off). Among normal weight and overweight men, the amount of
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MVPA 1 1min, MVPA 10min, VPA 1min, and VPA omin Were all greater during days off than
workdays, but these differences were not observed among obese men. The corresponding
results for women were more complex. Normal weight and overweight women had more
MVPA |omin during days off than during workdays. However, the amount of MVPA,;, was
similar between the types of days. On the other hand, obese women had a lower amount of
MVPA | min during days off than workdays, but the amount of MVPA |onin Was similar between
the types of day. Differences between workdays and days off with regard to VPA were

observed for normal weight women; VPA omin was higher during days off than workdays.

Hourly distributions of MVPA and VPA by gender, weight status, and type of day are shown
in Figure 4. The largest amounts of MVPA during workdays occurred at 7-8 am and 5-7 pm.
During days off, the largest amounts of MVPA were distributed evenly between 10 am and 6
pm. The respective VPA profiles resemble those of MVPA. During workdays, a small peak
occurred at 7-8 am, but the greatest amount of VPA was clearly seen at 5-8 pm. The greatest
amount of VPA during days off occurred between 10 am and 8 pm. For both genders, the

amount of MVPA and VPA during workdays and days off decreased with increasing BMI.

When age, gender, BMI, and the type of day were included in the linear mixed effects
regression models as predictors of the amount of MVPA i, or VPA iy (Table 4), the
predictors associated with both outcome measures in similar manners. The amount of
MVPA | min and VPA | in decreased with increasing age and increasing BMI. The amounts of
MVPA min and VPA | in were higher among men compared to women and higher during days
off than during workdays (P<0.001 for all). Similar results were observed when we studied
the probability of having a bout of MVPA or VPA (per measurement day) that lasted
continuously for >10 minutes (Table 5). The probability was higher among men and during

days off, and it decreased with increasing age and increasing BMI (P<0.001 for all).
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We also performed multivariate analysis for the probability of having a bout of MVPA or
VPA lasting continuously for >10 minutes including two-way interactions between age,
gender, BMI, and the type of day (Table 5). Many statistically significant interactions were
observed between these variables. Both higher BMI and higher age decreased the likelihood
of participating in MVPA or VPA, but BMI affected older participants more than younger
participants. In addition, women were more affected by higher age or higher BMI than men.
With increasing age, the probability of MVPA or VPA increased for days off compared to
workdays. With increasing BMI, the probability of MVPA and VPA increased for workdays

compared to days off.

The percentages of participants (by gender and weight status) who fulfilled the aerobic
physical activity recommendations are provided in Figure 5 and Table 6. The proportion of
participants fulfilling the recommendations decreased with increasing BMI for both men and
women. The same was true when the weekly physical activity was calculated including all
>1-minute bouts. Men fulfilled the recommendations better than women. The proportion
fulfilling the recommendations was highest among normal weight men (64.9%, 95% CI 62.4
to 67.3 when >10-minute bouts were included in the calculation and 88.6%, 95% CI 86.8 to
90.1 when >1-minute bouts were included) and lowest among obese women (10.3%, 95% CI

8.4 to 12.4 and 23.0%, 95% CI 20.3 to 25.8, respectively).

Discussion

We found that the amount of physical activity decreases with increasing age and increasing
BMI for both genders, but with a deeper decline among women. The amount of VPA was
particularly low among older (51-65 years) and obese and overweight women. Men had more
physical activity than women, and physical activity was more common during days off than

during workdays, especially among men. The hourly distribution of physical activity clearly
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differed between workdays and days off. During workdays, physical activity was most
common early in the morning and right after working hours, whereas physical activity was
distributed more evenly throughout the day during days off. In addition, the proportion of
participants fulfilling the aerobic physical activity recommendations decreased with
increasing BMI and was lower for women than for men. Approximately one-third of the
obese men and one-tenth of obese women fulfilled the aerobic physical activity

recommendations.
Strengths and weaknesses of the study

Our study has several strengths. First, our study sample was very large and included a wide
range of non-manual and manual labor employees although we did not have individual self-
reported information on job titles available for the analysis in our data mining/register —type
study. Second, we used a novel ambulatory beat-to-beat R-R interval-based method to assess
the intensity of physical activity. This method has been shown to provide more accurate
estimates of the intensity of physical activity than HR information only.”” %’ Third, we had
strict criteria for the inclusion of recording days (e.g., measurement error <15% and recording
break <30 minutes); thus, our recordings had good coverage of typical workdays and days
off. Nonetheless, our study also has some weaknesses. Most of the participants were
apparently healthy, but some participants with chronic diseases and/or medications that do
not severely affect HR were also included in the sample of employees. We did not adjust for
these conditions in the analysis since this information was not available for the analysis in our
data mining/register —type study. In addition, the study sample was not a random sample from
the population, but a ‘real life’ clinical sample of employees who participated in preventive
occupational health care. This can be considered as either a strength or a weakness depending
on the perspective. Our method for assessing physical activity can differentiate between the

intensities of physical activity MET by MET, but to simplify our presentations, we used cut-
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off points of >3 and >6 METs to describe MVPA and VPA, respectively, as these are used in
the physical activity recommendations.'? The durations of our recordings were from two to
six days and on the basis of these recordings, the amount of weekly physical activity was
estimated in order to determine the proportion of participants who fulfill the aerobic physical
activity recommendations. To accurately assess individual long-term physical activity levels,
a longer recording is more valid than the duration used in our study.3 % Our recordings usually
covered some typical workdays and days off, as our aim was to obtain recordings covering
most of the day without artifacts. To achieve this goal, stick-on electrodes with wires were
used for the collection of R-R interval data, but in some individuals, the electrodes cause skin

irritation that make it difficult to make long recordings.
Findings in relation to other studies

The majority of previous studies including large study populations used accelerometers or
pedometers for the objective assessment of physical activity. These methods provide rough
estimates of the intensity of physical activity. We used beat-to-beat R-R interval data, which
allows more accurate estimations of the intensity of physical activity, but it also has
limitations when comparing our results to previous results. The age- and BMI-associated
declines in the amount of physical activity observed in our study are in agreement with the
results of the studies using accelerometers.'* ' '* 3! In our study, the amount of VPA was very
low, especially among older women and overweight and obese women, and similar results

141731 Our results on the clear

have been reported in previous studies that used accelerometers.
difference between workdays and days off in the hourly distribution of physical activity are in
accordance with previous studies.'® In addition, we observed that the proportions of
overweight and obese participants fulfilling the aerobic physical activity recommendations

are lower than the proportion of normal weight participants. Previous studies obtained similar

results showing that among obese individuals especially the amount of VPA is low compared
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with the current recommendation.'* !¢ 18

Previous questionnaire-based studies in Finland have
reported that approximately one-quarter > to one-half ** of the working-aged adults (both men
and women) fulfill the current aerobic physical activity recommendation. Our objectively

measured results (men 54%, women 33%) covering both work-related and leisure physical

activities are roughly in line with these results.

Overall, most of the associations in our study are similar to previous population-based studies
that used accelerometers. However, our method measures cardio-respiratory loading more
directly than the methods based on motion sensors. The amount of physical activity
calculated from the bouts lasting >10 minutes should be used when determining who meets
the current physical activity recommendations.” We calculated the amount of MVPA and
VPA in two different ways that reflect different aspects of physical activity. The amount of
physical activity calculated from single 1-minute bouts throughout the measurement period
may be considered to reflect daily activities rather than fitness-enhancing exercise, as this
method also takes into account very short bouts of physical activity, such as climbing stairs.
Interestingly, the proportion of participants fulfilling the acrobic physical activity

recommendation is doubled when shorter bouts are included in the calculation (Table 5).
Meaning of the study: implications for clinicians and policymakers

Increasing physical activity and reducing obesity are both important targets for improving
overall population health, as both obesity and low physical activity are predictors of
mortality.** According to our study approximately one-third of Finnish working-aged women
and half of working-aged men meet the current recommendations for aerobic physical
activity. The proportion is especially low among overweight and obese women and obese
men. On the basis of this and our other observations, the amount of physical activity,

especially the amount of VPA, seems to be very low among overweight and obese
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individuals, particularly women. As our study is cross-sectional in nature, it does not show
the direction of causality between physical activity and obesity. However, this evidence
shows the vicious cycle between obesity and physical inactivity.*® The low number of obese
individuals meeting the recommendations and their low starting level (with regard to total
amount, duration, and intensity) should be taken into account when tailoring interventions for
increasing physical activity. For obese individuals, the amount of MPA, or perhaps low
intensity activity, should be increased first. Among obese individuals, objectively measured
physical activity seems to be low both during leisure and at work. Thus, both leisure hours
and working hours need attention when tailoring activity interventions. Overall, the
documentation of physical activity levels as a part of routine health care should be

improved.3 6
Unanswered questions and future research

In light of our findings, long-term controlled intervention studies are needed to show whether
MPA or VPA as the main component of intervention programs has a better benefit-risk
balance among obese individuals in terms of adherence, weight-control, morbidity, and
mortality. Also, more detailed research is needed on whether short bouts of physical activity
lead to long-term health benefits comparable to longer bouts at the disease-outcome level.
Accurate methods of monitoring physical activity that cover cardio-respiratory loading are
also needed to carry out large-scale studies on these topics and to analyze whether specific
types of short-term activity provide health benefits. Notably, some physical activity is under
the intensity level of 3 METs, which was not taken into account in our current analysis.
Long-term intervention studies on the effects of physical activity with (very) low intensity on

disease outcomes are lacking.

Footnotes
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Table 1 Distributions of participants into moderate-to-vigorous and vigorous physical activity categories according to mean minutes per day on
workdays and days off

©CoO~NOUTA,WNPE

Workdays Days off
0 min >0-15Smin >15-30 min  >30 min 0 min >0-1Smin  >15-30 min  >30 min
11 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
12 Men (n=4221)
13 MVPA | in 91 (2.2) 835(19.8) 706 (16.7) 2589 (61.3) 160 (3.8) 851(20.2) 563 (13.3) 2647 (62.7)
14 MVPA |0min 1345 (31.9) 712(16.9) 802 (19.0) 1362 (32.3) 1535 (36.4) 452 (10.7) 500 (11.8) 1734 (41.1)
15 VPA | min 1544 (36.6) 1571 (37.2) 658 (15.6) 448 (10.6) 1862 (44.1) 1221 (28.9) 391 (9.3) 747 (17.7)
16 VPA | omin 3014 (71.4) 524 (12.4) 441 (10.4) 242 (5.7) 3189 (75.6) 236 (5.6) 292 (6.9) 504 (11.9)
Women (n=5333)
19 MVPA | min 480 (9.0) 1632 (30.6) 1015 (19.0) 2206 (41.4) 838 (15.7) 1612(30.2) 760 (14.3) 2123 (39.8)
20 MVPA | omin 2523 (47.3) 913 (17.1) 864 (16.2) 1033 (19.4) 2999 (56.2) 469 (8.8) 550 (10.3) 1315 (24.7)
21 VPA min 3200 (60.0) 1454 (27.3) 440 (8.3) 239 (4.5) 3651 (68.5) 979 (18.4) 299 (5.6) 404 (7.6)
22 VPA omin 4520 (84.8) 408 (7.7) 294 (5.5) 111 (2.1) 4690 (87.9) 196 (3.7) 169 (3.2) 278 (5.2)
23 MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METSs]) calculated from single 1-minute bouts throughout the
measurement period

26 MVPA omin= moderate-to-vigorous physical activity (=3 METs) calculated from bouts of physical activity lasting continuously for >10 minutes
28 VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period

30 VPA omin=Vigorous physical activity (=6 METs) calculated from bouts of physical activity lasting continuously for >10 minutes
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Table 2 Amount of moderate-to-vigorous and vigorous physical activity during workdays and days off based on age group

©CoO~NOUTA,WNPE

Men Women
n Workdays Days off pP* Workdays Days off pP*
(men/women) (min/day) (min/day) (min/day) (min/day)

MVPA min

18-30 yrs 366/457 mean (SD) 88.6 (72.8)F 88.3(75. )  0.81 76.6 (53.5)f 71.5(61.9)f  0.005
median 67.5F 69.0F 69.0F 60.07

31-40 yrs 1109/1251 mean (SD) 55.7 (44.2)F 67.7 (63.2)t <0.001 42.1 (38.5)t 40.8 (40.6)f  0.041
median 47.0F 52.37 34.0F 28.0F

41-50 yrs 1411/1905 mean (SD) 47.1 (42.5)7 59.9 (56.5)F <0.001 283 (29.D)t  31.1(37.Df 0.34
median 36.5F 47.0F 21.0F 17.0F

51-65 yrs 1335/1720 mean (SD) 42.9 (46.2)T 53.3 (56.0)F <0.001 20.5 (24.49)t  22.7 (33.3)F 0.74
median 31.0F 37.5F 11.0F 8.0t

VPAlmin

18-30 yrs 366/457 mean (SD) 17.0 (21.4)F 17.6 (25.3)f  0.73 16.5(19.9)F 15.1 (23.)f  0.004
median 10.0+ 5.07 9.0 4.07

31-40 yrs 1109/1251 mean (SD) 11.6 (16.6)F 159 (24.4)1 <0.001 7.8 (12.7)F 8.1 (15.9)F 0.16
median 4.0 3.07 1.0 0.01

41-50 yrs 1411/1905 mean (SD) 9.9 (14. 1)} 13.9 (24.9)1+ <0.001 4.0 (9.t 5.8 (14.9)F 0.008
median 2.07 1.07 0.0 0.07

51-65 yrs 1335/1720 mean (SD) 7.4 (13.9)F 10.2 (21.2)+  0.003 1.8 (6.3)f 2.5(1.2)F 0.54
median 0.57 0.07 0.0 0.07

* For the difference between workdays and days off by Wilcoxon two-sample paired signed rank test

1 P<0.001 for the difference between age groups by Kruskal-Wallis test

MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) calculated from single 1-minute bouts throughout the
measurement period

VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period
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2 Table 3 Amount of moderate-to-vigorous and vigorous physical activity during workdays and days off based on weight status

g Men Women

9 n Workdays Days off P* Workdays Days off pP*
10 (men/women) (min/day) (min/day) (min/day) (min/day)

11 MVPAlmin

12 Normal weight 1495/2792 mean (SD) 60.1 (53.5)F 74.0 (67.4)f  <0.001 44.5 (39.6)t 46.4 (46.7)t 0.99
13 median 48.07 58.5% 35.5% 35.0t

14 Overweight 2067/1627 mean (SD) 49.4 (46.2)t 60.0 (56.4)f  <0.001 24.5 (30.1)f 25.2 (33.0)tF 0.60
15 median 38.01 46.0t 16.0% 12.0%

i? Obese 659/914 mean (SD) 39.6 (43.5)t 42.9 (52.0)t 0.18 13.9 (21.3)t 12.6 (21.8)f  0.001
18 median 29.07 26.07 4.87 2.0F

19 VPAlmin

20 Normal weight 1495/2792 mean (SD) 13.2 (17.3)t 18.2 (27.4)f  <0.001 8.4 (13.8)F 10.0 (19.2)t 0.65
21 median 5.57 4.07 1.0 0.01

22 Overweight 2067/1627 mean (SD) 9.6 (15.5)F 12.6 (22.3)f  <0.001 2.5(7.9)1 2.6 (9.1 0.44
23 median 1.5% 1.0+ 0.0% 0.0t

gg Obese 659/914 mean (SD) 5.0 (11.3)7 6.1 (16.3)F 0.97 0.6 3.1)f 0.5 (3.5)7 0.07
26 median 0.01 0.01 0.0 0.01

27 Normal weight=18.5 to <25.0 kg/m”; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0 kg/m”

gg * For the difference between workdays and days off by Wilcoxon two-sample paired signed rank test

30

31 1 P<0.001 for the difference between body mass index groups by Kruskal-Wallis test

32

33 MVPA | nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) calculated from single 1-minute bouts throughout the
2‘5" measurement period

g? VPA min=vigorous physical activity (=6 METSs) calculated from single 1-minute bouts throughout the measurement period
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Table 4 Predictors of the amount of moderate-to-vigorous and vigorous physical activity

©CoO~NOUTA,WNPE

M\IPtAlmin VPAlmin
Unstandardized regression Unstandardized regression
coefficient (95% CI) P coefficient (95% CI) P
Age (18 yrs=0) -1.130 (-1.203 to -1.056) <0.001 -0.286 (-0.310 to -0.261) <0.001
Gender (1=men; 0=women) 24.352 (22.930 to 25.773) <0.001 6.584 (6.114 to 7.054) <0.001
Body mass index (18.5 kg/m’°=0) -2.464 (-2.639 to -2.288) <0.001 -0.762 (-0.820 to -0.704) <0.001
Type of day (1=workday; O=day off) -5.161 (-6.051 to -4.271) <0.001 -1.934 (-2.312 to -1.556) <0.001

MVPA |nin=moderate-to-vigorous physical activity (=3 metabolic equivalents [METSs]) calculated from single 1-minute bouts throughout the
measurement period

VPA min=vigorous physical activity (=6 METs) calculated from single 1-minute bouts throughout the measurement period

The dependent variables in the linear mixed effects regression models were MVPA i, and VPA i, (minutes/day) as continuous variables.
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S Table 5 Probability of having a bout of moderate-to-vigorous or vigorous physical activity (per measurement day) lasting continuously for >10
? minutes

g MVPA VPA

10 Unstandardized regression Unstandardized regression

11 coefficient (95% CI) P coefficient (95% CI) P

12 Simple models

13 Age (18 yrs=0) -0.040 (-0.043 to -0.036) <0.001 -0.047 (-0.052 to -0.042) <0.001
1;1 Gender (1=men; 0=women) 0.948 (0.881 to 1.016) <0.001 1.263 (1.163 to 1.363) <0.001
16 Body mass index (18.5 kg/m°=0) -0.139 (-0.148 to -0.130) <0.001 -0.186 (-0.202 to -0.171) <0.001
17 Type of day (1=workday; O=day off) -0.189 (-0.242 to -0.135) <0.001 -0.244 (-0.322 t0 -0.167) <0.001
18 Interaction models

19 Age (18 yrs=0) -0.023 (-0.031 to -0.014) <0.001 -0.032 (-0.043 to -0.021) <0.001
20 Gender (1=men; 0=women) -0.157 (-0.400 to 0.086) 0.21 -0.764 (-1.100 to -0.427) <0.001
21 Body mass index (18.5 kg/m’=0) -0.078 (-0.107 to -0.050) <0.001 -0.126 (-0.170 to -0.081) <0.001
gé Type of day (1=workday; O=day off) 0.135 (-0.049 t0 0.319) 0.15 0.004 (-0.231 to 0.240) 0.97
o4 Age*Body mass index -0.003 (-0.004 to -0.002) <0.001 -0.006 (-0.008 to -0.004) <0.001
25 Gender*Age 0.030 (0.022 to 0.037) <0.001 0.058 (0.047 to 0.068) <0.001
26 Gender*Body mass index 0.068 (0.050 to 0.086) <0.001 0.116 (0.085 to 0.147) <0.001
27 Type of day*Age -0.009 (-0.015 to -0.004) 0.001 -0.016 (-0.024 to -0.008) <0.001
28 Type of day*Gender -0.349 (-0.460 to -0.238) <0.001 -0.188 (-0.364 to -0.013) 0.035
29 Type of day*Body mass index 0.012 (-0.003 to 0.027) 0.12 0.040 (0.013 to 0.066) 0.003
22 MVPA=moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]); VPA=vigorous physical activity (=6 METs)

gg The results are from the generalized linear mixed effects regression models in which the dependent variables are binary outcomes (participant
34 did or did not have a bout of moderate-to-vigorous or vigorous physical activity lasting >10 minutes) and each participant is incorporated as a
35 random effect. In the simple models, the fixed effects are age, gender, body mass index, and type of day. In the interaction models, the fixed
36 effects are age, gender, body mass index, type of day, and all of their possible two-way interactions.
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Table 6 Proportion of participants fulfilling the aerobic physical activity recommendation™®
based on gender and weight status

Men Women
% (95% CI) % (95% CI)
MVPAlmin
All 80.0 (78.8 to 81.2) 56.1 (54.7 t0 57.4)
Normal weight 88.6 (86.8 t0 90.1) 74.1 (724 10 75.7)
Overweight 79.4 (77.6 to 81.1) 43.8 (41.3 t0 46.2)
Obese 62.5 (58.7 t0 66.2) 23.0 (20.3 to 25.8)
MVPAIOmin
All 54.3 (52.8 to 55.8) 32.8 (31.6 to 34.1)
Normal weight 64.9 (62.4 t0 67.3) 46.5 (44.6 t0 48.3)
Overweight 52.7 (50.5 to 54.9) 22.1 (20.1 to 24.2)
Obese 35.5(31.9 t0 39.3) 10.3 (8.4 to 12.4)

* Moderate intensity acrobic physical activity at least 150 minutes per week, vigorous
physical activity at least 75 minutes per week, or a combination of these (for details of
calculation, see methods)

Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0
kg/m?

MVPA | nmin= moderate-to-vigorous physical activity (>3 metabolic equivalents [METs])
calculated from single 1-minute bouts throughout the measurement period

MVPA omin= moderate-to-vigorous physical activity (=3 METs) calculated from bouts of
physical activity lasting continuously for >10 minutes
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Figure legends
Figure 1 Flow of participants and measurement days included in the analysis.

Figure 2 The mean amount of moderate-to-vigorous physical activity (=3 metabolic
equivalents [METs]) (whole column) and its distribution into moderate (MPA; 3 to <6
METs) and vigorous (VPA; >6 METs) physical activity during workdays (WD) and days off
(DO) by age among men and women. The 1 min notation indicates values for single 1-minute
bouts throughout the measurement period, whereas the 10 min notation indicates values for
bouts of physical activity lasting continuously for >10 minutes. P; and P denote the
differences between WD and DO in moderate-to-vigorous and vigorous physical activities,
respectively. *physical activity was greater during WD than DO. Note the different scales

between the upper and lower figures.

Figure 3 The mean amount of moderate-to-vigorous physical activity (=3 metabolic
equivalents [METs]) (whole column) and its distribution into moderate (MPA; 3 to <6
METs) and vigorous (VPA; >6 METs) physical activity during workdays (WD) and days off
(DO) by weight status among men and women. Normal weight=18.5 to <25.0 kg/m?;
overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0 kg/m”. The 1 min notation indicates
values for single 1-minute bouts throughout the measurement period, whereas the 10 min
notation indicates values for bouts of physical activity lasting continuously for >10 minutes.
P3 and P¢ denote the differences between WD and DO in moderate-to-vigorous and vigorous
physical activities, respectively. *physical activity was greater during WD than DO. Note the

different scales between the upper and lower figures.

Figure 4 Hourly distributions of moderate-to-vigorous (MVPA; >3 metabolic equivalents
[METs]) and vigorous (VPA; >6 METs) physical activity by gender and weight status during

workdays and days off. The mean number of minutes at a certain hour (e.g., 9 am) denotes
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the number of minutes during the hour beginning from that time point (e.g., 9-10 am).
Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0 kg/m*; obese=30.0 to 40.0
kg/m?. The 1 min notation indicates values for single 1-minute bouts throughout the

measurement period.

Figure 5 The proportion of participants fulfilling the aerobic physical activity
recommendation (moderate intensity physical activity for at least 150 minutes per week,
vigorous physical activity at least 75 minutes per week, or a combination of these) based on
gender and weight status. Normal weight=18.5 to <25.0 kg/m?; overweight=25.0 to <30.0
kg/m?; obese=30.0 to 40.0 kg/m”. Note the different scales between the upper and lower

figures.
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Criteria for targeted data mining:
* Participated in monitoring during 2007-2013

* Monitoring includes at

and one day off (0 h of work)

* Age range 18-65 years

* BMlI range 18.5-40.0 kg/m?

n=12 867 participants (50

least one workday (24h of work)

903 monitoring days)

Insufficient coverage of the monitoring days; length
of monitoring <16h/day and/or a monitoring break

\
n=12 806
(36 452 days)

>30 min, n=61 (14 451 days dropped)

Measurement error 215% of monitoring time,

n=12 329
(33 135 days)

n=477 (3 317 days)

After coverage and quality check the monitoring

Included in final analysis

n=9 554 (27 936 days)

Ear peer review on

N

does not include at least one workday and at least
one day off, n=2 775 (5 199 days)
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The mean amount of moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) (whole
column) and its distribution into moderate (MPA; 3 to <6 METs) and vigorous (VPA; =6 METs) physical
activity during workdays (WD) and days off (DO) by age among men and women. The 1 min notation
indicates values for single 1-minute bouts throughout the measurement period, whereas the 10 min notation
indicates values for bouts of physical activity lasting continuously for 210 minutes. P3 and P6 denote the
differences between WD and DO in moderate-to-vigorous and vigorous physical activities, respectively.
*physical activity was greater during WD than DO. Note the different scales between the upper and lower
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32 The mean amount of moderate-to-vigorous physical activity (=3 metabolic equivalents [METs]) (whole

33 column) and its distribution into moderate (MPA; 3 to <6 METs) and vigorous (VPA; =6 METs) physical

34 activity during workdays (WD) and days off (DO) by weight status among men and women. Normal

35 weight=18.5 to <25.0 kg/m2; overweight=25.0 to <30.0 kg/m2; obese=30.0 to 40.0 kg/m2. The 1 min

36 notation indicates values for single 1-minute bouts throughout the measurement period, whereas the 10 min

37 notation indicates values for bouts of physical activity lasting continuously for 210 minutes. P3 and P6
denote the differences between WD and DO in moderate-to-vigorous and vigorous physical activities,

respectively. *physical activity was greater during WD than DO. Note the different scales between the upper

and lower figures.
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Hourly distributions of moderate-to-vigorous (MVPA; >3 metabolic equivalents [METs]) and vigorous (VPA;
>6 METs) physical activity by gender and weight status during workdays and days off. The mean number of
minutes at a certain hour (e.g., 9 am) denotes the number of minutes during the hour beginning from that
time point (e.g., 9-10 am). Normal weight=18.5 to <25.0 kg/m2; overweight=25.0 to <30.0 kg/m2;
obese=30.0 to 40.0 kg/m2. The 1 min notation indicates values for single 1-minute bouts throughout the
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32 The proportion of participants fulfilling the aerobic physical activity recommendation (moderate intensity

33 physical activity for at least 150 minutes per week, vigorous physical activity at least 75 minutes per week,

34 or a combination of these) based on gender and weight status. Normal weight=18.5 to <25.0 kg/m2;

overweight=25.0 to <30.0 kg/m2; obese=30.0 to 40.0 kg/m2. Note the different scales between the upper
and lower figures.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
SEE PAGES 1-2
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found SEE PAGES 1-2

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
SEE PAGES 5-6

Objectives 3 State specific objectives, including any prespecified hypotheses SEE PAGE 6

Methods

Study design 4 Present key elements of study design early in the paper SEE ABSTRACT AND
PAGE 6-

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection SEE PAGE 6

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case
ascertainment and control selection. Give the rationale for the choice of cases and
controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants SEE PAGES 6-7 AND FIGURE 1

(b) Cohort study—For matched studies, give matching criteria and number of

exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of

controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable DEFINED IN METHODS

Data sources/ 8* For each variable of interest, give sources of data and details of methods of
measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group DEFINED IN METHODS

Bias 9 Describe any efforts to address potential sources of bias WE HAVE ANALYZED
THAT DIFFERENT STEPS IN DATA MINING SUCH AS FOCUSING ONLY TO
THOSE WHO HAVE RECORDINGS FROM DAYS OFF AND WORKDAYS DO
NOT CHANGE THE RESULTS. COMPLETE DISCUSSION ON ALL
ANALYSES DONE FOR THIS PURPOSE COULD NOT BE INCLUDED IN THE
PAPER, SHORT COMMENT IN DISCUSSION

Study size 10 Explain how the study size was arrived at AVAILABLE DATA FOR DATA
MINING, VERY BIG DATASET, EXPLAINED IN METHODS

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why DEFINED IN METHODS

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
DEFINED IN STATISTICAL METHODS
(b) Describe any methods used to examine subgroups and interactions DEFINED IN
STATISTICAL METHODS
(c) Explain how missing data were addressed EXPLAINED IN METHODS AND
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(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy EXPLAINED IN METHODS

(e) Describe any sensitivity analyses

Results

Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed DEFINED IN METHODS AND FIGURE 1

(b) Give reasons for non-participation at each stage DEFINED IN METHODS AND FIGURE
1

(c) Consider use of a flow diagram SEE FIGURE 1

Descriptive data  14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders GIVEN IN METHODS AND THE
BEGINNING OF RESULTS

(b) Indicate number of participants with missing data for each variable of interest DEFINED
IN METHODS AND FIGURE 1

(¢) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15%

Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures SEE
TABLES

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included SEE ABSTRACT AND RESULTS

(b) Report category boundaries when continuous variables were categorized REPORTED IN
APPROPRIATE PLACES; METHODS, RESULTS, TABLES, FIGURES

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses SEE RESULTS

Discussion

Key results 18  Summarise key results with reference to study objectives PAGES 14-15

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias PAGES 15-16

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence PAGES 14-
15, DISCUSSION ELSEWHERE

Generalisability 21

Discuss the generalisability (external validity) of the study results PAGES 14-15,
DISCUSSION ELSEWHERE

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based PAGE 20
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